ERRATUM. 


Isolation and Properties of the Factor Responsible for Increased 
Capillary Permeability in Inflammation, by Valy Menkin, 1937, 36, 
the average figures on p. 166, refer to total protein in grams per 
100 cc. of serum and of exudate respectively; and not to “total 
protein nitrogen” as stated in the article. 
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Immunological Relationships of Encapsulated Gram- 
Negative Rods.* 


L. A. JULIANELLE, 


From the Oscar Johnson Institute, Washington University School of Medicine, 
St. Louis. 


The difficulties encountered in the past, in the differentiation of 
the bacteria exemplified by the organisms of Friedlander, rhino- 
- scleroma, ozaena, granuloma inguinale and Bact. aerogenes, have 
more recently been increased, rather than diminished, by the discov- 

* Thig work was conducted under a grant from the Commonwealth Fund of 


New York. 
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ery that members of the different species possess common immuno- 
logical characteristics by virtue of similarities in the capsular carbo- 
hydrate.* Studies on the immunological reactions of the unencapsu- 
lated cell’ supplied the hypothesis that the different organisms, once 
deprived of the ability to elaborate capsular polysaccharide, might be 
more readily amenable to systematization. Accordingly, unencap- 
sulated, or “R”’, strains have been derived from the encapsulated “‘S”’ 
strains by continued cultivation of the “S’ form in homologous 
anti-S serum. Usually, 6 to 12 transplants in broth containing 10% 
immune serum sufficed for the conversion. Rabbits were then in- 
jected intravenously with suspensions of heat-killed (30 min. at 
56°C.) R forms until the sera contained sufficient antibody for sero- 
logical study. 

For this purpose, anti-sera were obtained with R cells derived 
from Friedlander’s bacillus, Types A and B and Group X; ozaena 
bacillus, Types I and II and Group III; three immunologically dif- 
ferent strains of Bact. aerogenes; and a single strain of rhinoscler- 
oma and granuloma bacillus. Agglutinations were then conducted 
employing each R strain and each anti-serum. In order to illustrate 
the reactions observed, a summary protocol has been arranged of all 
the reactions. The titres of the different anti-sera were close to 
1 :5000, and the agglutination was composed of large, coarse gran- 
ules readily disrupted on agitation. This is, of course, in contra- 
distinction to the agglutination of S cells, which is characterized by 
a compact, tenacious disc. Examination of the data reveals 2 large 
groups disclosed by the agglutination reaction. The Friedlander 
bacilli comprise one group, while the rhinoscleroma, ozaena, aero- 
genes and granuloma organisms constitute the second group. 

It will be observed that no data are presented for the reactions of 
Type B Friedlander’s bacillus. These have been omitted intention- 
ally, since experiments with this organism and its relation to Bact. 
aerogenes are still in progress. The only statement to be made at 
the present time is that several strains, originally identified in other 
laboratories, as well as our own, as Type B Friedlander’s bacillus, 
are now recognizable as strains of Bact. aerogenes. 

In any case, the conclusion seems obvious that by agglutination 
of R variants, the encapsulated, gram-negative rods may be 


1 Small, J. C., and Julianelle, L. A., J. Inf. Dis., 1923, 32, 456; Avery, O. T., 
Heidelberger, M., and Goebel, W. F., J. Exp. Med., 1925, 42, 709; Edwards, P. 
R., J. Bact., 1929, 17, 339; Goslings, W. R. O., Thesis, Univ. Amsterdam, 1933; 
also Cent. Bakt., 1936, 186, 1; Morris, M. C., and Julianelle, L. A., J. Inf. Dis., 
1934, 55, 150. 

2 Julianelle, L. A., J. Exp. Med., 1926, 44, 683; Goslings, W. R. O., vid. Ref. 1. 
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classified into 2 large groups—composed, in one instance, of all 
the Friedlander bacilli, and in the other, of the organisms of rhino- 
scleroma, ozaena, granuloma inguinale and Bact. aerogenes. 
Whether the serological distinctions indicate that Friedlander bacilli 
arise genetically from one source, and the remaining organisms 
from a second and different source, remains for future investigation 
to solve. 
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Modification by Strychnine of Response of the Optic Cortex.* 


S. H. Bartuey, J. O'Leary anp G. H. BisHop. 


From the Laboratory of Neurophysiology and the Department of Anatomy, 
Washington University School of Medicine, St. Lowis. 


Stimulation of the optic nerve of the rabbit by a single shock 
results in a sequence of potential changes recorded from the optic 
cortex which occupy 1/5 second. At threshold for the response, the 
first potential is a monophasic surface-positive wave, followed by 
a surface-negative, and this in turn by a surface-positive deflection. 
Above threshold, the initial positive wave is covered up by a larger 
diphasic response (Bartley and Bishop*). Ether depresses this 
diphasic response, and strychnine increases it differentially (Bart- 
ley’), as compared to the sequence initiated by the monophasic wave. 
Dilute strychnine applied locally to the cortical surface may increase 
the diphasic component by 500% without any change in the ampli- 
tude of later parts of the record. Higher concentrations depress 
the late components to extinction, and increase the diphasic wave 
still further. Finally, spontaneous responses occur, first singly, 
then in trains. Whether recorded from across the whole cortex, 
or from needles subtending only certain strata, this spontaneous 
wave duplicates the diphasic response to stimulation both in relative 
amplitude of the 2 phases and in duration. The spontaneous rhyth- 
mic activity which is present before the application of strychnine, 
decreases and disappears parallel with the disappearance of the 
later components of the stimulated response. Facilitation to a sec- 
ond response, which accompanies the late surface-positive wave of 

* Aided by a grant from the Rockefeller Foundation for Research in neuro: 
physiology. 

1 Bartley, S. H., Am. J. Physiol., 1933, 108, 203. 

? Bartley, S. H., and Bishop, G. H., Am. J. Physiol., 1933, 103, 159. 
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the normal record, disappears as this component is suppressed by 
strychnine. 

Strychnine thus serves to differentiate 2 sequences of potential, 
one consisting of the 2 phases of the early diphasic component, 
lasting about 20 ms., the other consisting of the triphasic sequence 
of 3 slow waves lasting 200 ms. The latter can be correlated with 
the normal spontaneous 5 per second rhythm in a number of respects 
(Bishop*), to the extent that it has been inferred to occupy the 
same cortical elements. It is presumably not the immediate correlate 
of vision, both because it it not suppressed by a degree of narcosis 
that would abolish visual function, and because the spontaneous 
activity goes on even after cutting, and in fact after degeneration 
of the optic nerve. The former diphasic process is inferred to be 
the immediate visual one. Its marked increase by strychnine corre- 
sponds to the increased functional excitability of spinal cord and 
motor cortex under this drug, as indicated by peripheral reflex and 
motor effects. 

Recorded from pairs of needle electrodes subtending different 
strata of the cortex, the potentials observed indicate that these two 
processes take different routes. The first potential of the diphasic 
process indicates that the middle strata are negative to those above, 
while the second potential indicates that the upper strata are nega- 
tive to the lower, or in some cases both upper and lower negative to 
the middle. The progress of the activity represented by this would 
therefore seem to be mainly from the middle layers of the cortex 
upward, to discharge via the plexiform white matter, and perhaps 
also via the subcortical white matter. The triphasic process simi- 
larly originates in the middle or lower cortical layers, and pro- 
gresses upward, but during the third potential of this series occu- 
pies the whole cortex, the greatest negativity being toward the deep- 
est strata. It is inferred to involve the discharge of pyramid cells 
whose axons leave the cortex via the white matter below the 6th 
layer. 

This analysis applies only to what may be termed the mass- 
impulse, and not to the discharges of single elements. That is, while 
the mass impulse represented by the diphasic process appears to 
discharge in general upward toward the surface white matter, it 
cannot be said that no discharge takes place during this time in the 
reverse direction, or laterally, but only that the center of greatest 
activity as indicated by vertically oriented electrodes progresses 
upward. Similarly, during the third potential of the triphasic series, 


3 Bishop, G. H., Cold Spring Harbor Symposium, 1936, 4, 305. 
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an increasing negativity from the surface to the subcortical white 
matter suggests a predominance of downwardly directed impulses. 
The facilitation to a second stimulus accompanying this potential 
presumably involves a cortico-thalamic discharge. 
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Effects of Sugar, Glycerin and Urea on Hormones of Cattle 
Anterior Pituitary Glands.* 


S. J. Haywarp AnD LEo LOEs. 


From the Department of Pathology, Washington University School of Medicine, 
St. Louis, Mo. 


In a series of former investigations we have distinguished essen- 
tially 3 types of effects of anterior pituitary glands on the ovary: 
(1) The destruction of follicles; (2) various luteinization processes, 
and (3) the full growth and maturation of follicles, followed in 
some cases by ovulation and formation of true corpora lutea. We also 
studied the relation of the thyroid-stimulating hormone to the sub- 
stances affecting the ovaries. At first we noticed a close association 
between the thyroid-stimulating hormone and the substances inducing 
atresia and luteinization processes in the ovary. We considered it, 
therefore, probable that the thyroid-stimulating hormone and atre- 
sin, which is responsible for the destruction of ovarian follicles, were 
one and the same substance.* However, subsequently we developed 
a method which made possible the analysis of the effects produced 
by the anterior pituitary glands of various species by subjecting 
these organs in vitro to the action of various solutions. The results 
of these experiments indicated that the effects of hormones on the 
thyroid gland were distinct from those acting on the ovary. In the 
present investigation we extended the application of this method by 
immersing the anterior pituitary glands of cattle in glycerin and in 
solutions of cane sugar and urea before transplanting them subcu- 
taneously into guinea pigs. One cattle gland, or parts of a cattle 
gland were immersed in 80 cc. of the fluid for various periods of 


* These experiments were carried out with the aid of a grant from the Inter- 
national Cancer Research Foundation and of a grant for research in science made 
to Washington University by the Rockefeller Foundation. 

1 Loeb, Leo, Volume jubilaire dédié an Prof, Lina Stern, Moscow, 1935, p. 405. 

? Loeb, Leo, Anderson, H. C., Saxton, John, Hayward, 8. J., and Kippen, A. A., 
Science, 1935, 82, 331. 
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time. One-fourth of a gland was implanted daily, on 4 consecutive 
days, into immature female guinea pigs weighing approximately 
175-180 gm. Previous to transplantation the gland was freed from 
adhering solution by rinsing it in sterile 0.9% NaCl solution. If 
fresh, non-treated cattle anterior pituitary is thus implanted and 
examination of the guinea pig is made on the day following the 
fourth implantation, it is found that atresin effects, in some cases 
accompanied by slight luteinization processes, predominate. 


I. Experiments with cane sugar. (12 experiments). In most 
experiments saturated cane sugar solutions, and in a few cases 20% 
solutions were used. The glands were left in the different solutions 
for one hour, 4 hours, one, or 2 days. Some of the glands which 
were left in for one hour, and a few of the others, produced mainly 
atresin effects together with a slight theca luteinization, such as for- 
mation of interstitial gland in the medulla of the ovary and a mild 
luteinization of theca in quite atretic follicles; in one case also 
pseudolutein bodies developed. In the other cases various combina- 
tions of theca and granulosa luteinization predominated. In addition 
to the above named luteinization changes, luteinization in the theca 
of smaller preserved follicles, formation of lutein rings during the 
stage of early connective tissue atresia and of luteinizing connective 
tissue atresia occurred. Also interstitial gland bodies and transitions 
between some of these formations were occasionally noted. There 
was, as a rule, a definite hypertrophy of the thyroid gland. 

The characteristic effect of these solutions consists in the preser- 
vation of those substances in the treated gland which produce the 
various luteinizations. 


II. Experiments with glycerin. (11 experiments.) In the ma- 
jority of cases pure glycerin, but in a few instances 50% glycerin, 
was used. The anterior pituitary glands were left in the solutions 
4 hours, one, 2, or 3 days. The results were essentially the same as 
with cane sugar. In a few cases, especially in the experiments 
with shorter immersion of the glands in the solution, atresin effects 
together with slight luteinization were observed, but as a rule, the 
various combinations of theca and granulosa luteinization predomi- 
nated. In addition to the above named changes in a few cases a 
premature maturation or luteinization of the granulosa of smaller, 
preserved follicles was seen, and in one case we observed ingrowth 
of connective tissue into the not enlarged granulosa, which was thus 
divided into parcels. In the majority of cases the thyroid gland 
showed much hypertrophy, but in some experiments this was only 


moderate. 
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Ill. Experiments with urea solutions. (66 experiments.) Sat- 
urated, as well as weaker solutions of urea (up to 10%) were used; 
in the majority of the experiments the solution contained 50% urea; 
the solutions with the immersed glands were kept mostly at room 
temperature, but some at 37°C., and others at 40°C., for one, ae 
10, 15 hours, one, 2, 3, or 4 days. The results differed in this series 
quite markedly from those obtained in Series I and I]. The lutein- 
ization changes which were characteristic of sugar and glycerin 
action, were rather inconspicuous in the case of urea solutions; the 
latter produced principally maturation of follicles without any other 
changes in the ovaries, but sometimes also pseudolutein bodies, due 
perhaps in certain instances to an ingrowth of connective tissue and 
vessels into the mature granulosa; other luteinization processes were 
rare and slight. Maturation processes in full-sized follicles were 
found in 26 animals, that is, in more than one-third of all the guinea 
pigs. In these experiments the urea had caused to a large extent 
the elimination of the substances responsible for atresin action and 
luteinization, especially theca luteinization. In 22 cases the action of 
the urea solution went still further, leading to the entire elimination 
of all the hormones acting on the ovaries. In the remaining experi- 
ments, mainly pseudolutein bodies, either with or without other 
luteinization products, developed; in some cases the animals were 
sick and thus hypotypical ovaries were produced. In a few in- 
stances atresin action was noted, especially in some experiments in 
which the glands had been left only for one hour in the urea solu- 
tions. The greatest number of mature follicles was observed after 
an immersion for from 10 hours to 2 days in the solution. After 
3 days, the ovaries in which mature follicles were observed were 
fewer, while those in which no hormone effects were seen, had in- 
creased in number. After 4 days, large mature follicles, without any 
other changes, were found. Of special interest is one case in which 
mature follicles had just ruptured and in which, in addition, a pseu- 
dolutein body was present. However, usually pseudolutein bodies 
developed as the result of ingrowth of connective tissue and blood 
vessels into the mature or maturing granulosa of large follicles. 

As to the thyroid gland, in the large majority of cases in which 
fully mature follicles were found in the ovaries, the thyroid-stim- 
ulating hormone had been eliminated; but in some of these animals 
the thyroid showed moderate or even more marked hypertrophy. 
Also in those guinea pigs, in which the treated anterior pituitary 
glands no longer exerted any hormone effects on the ovary, thyroid 
stimulation was lacking in the large majority of cases; but moderate 
hypertrophy was found in some of the experiments. Thyroid stim- 


BLoop AND URINE AMYLASE 2568 


ulation was more frequently associated with the third group of 
experiments, in which granulosa luteinization (pseudolutein bodies ) 
or atresin effects predominated. We may then conclude that the 
thyroid-stimulating hormone, while in many cases associated with 
theca luteinization or atresin effects, is distinct from the hormone 
producing these ovarian effects. This conclusion is in agreement 
with views previously expressed by us.* 

Summary, 1. When the anterior pituitary glands of cattle are 
kept in vitro in cane sugar solutions or in glycerin, luteinization pro- 
cesses in theca and granulosa predominate; but if the glands are left 
in the solution for only one hour atresin effects may still be notice- 
able. Thyroid hypertrophy is found in the majority of cases. 2. 
When, instead of cane sugar or glycerin, solutions of urea are used, 
formation of mature follicles is induced by the glands thus treated 
in more than one-third of the cases. In another third the action of 
the urea was so strong that all the ovarian hormones were elimi- 
nated. In the majority of these animals also the thyroid hormone had 
been lost, but in some cases the formation of mature follicles was 
associated with thyroid hypertrophy. In somewhat less than one- 
third of the cases formation of pseudolutein bodies, with or without 
other luteinization processes, and in a few ¢ases atresin effects were 
observable. 3. While thus glycerin and cane sugar solutions make 
possible the production of luteinizing effects by the implanted glands, 
after application of urea solutions only maturation processes are 
produced, or luteinization effects mainly of the granulosa, or in still 
other cases all the hormones are eliminated. 
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Relationship Between Blood Amylase and Urinary Amylase 
in Man. 


S. H. Gray AND MICHAEL SOMOGYI. 
From the Laboratory, Jewish Hospital, St. Louis. 


Somogyi! has shown that the amylase content in the blood is 
rather constant for the individual, while the variations from indi- 
vidual to individual are considerable. The study of the amylase 
content of the urine, however, reveals great irregularity in the same 
individual at various periods of the day, without any apparent regu- 


ars Loeb, Leo, Saxton, John, and Hayward, S. J., Hndocrin., 1936, 20, 511. 
1 Somogyi, Michael, Proc. Soc. Exp. Bron. AND Mep., 1934, 32, 538. 
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larity in the variations. The analytical methods used were those 
described by Somogyi.’ * We found it very important to take into 
consideration the optimum pH (6.8-7.4) and the optimum salt con- 
centration (0.25-0.4% NaCl). 

In healthy human beings the concentration of the enzyme in the 
urine is greater than in the blood, the ratio of urine amylase to blood 
amylase being usually between 2:1 and 6:1. These fluctuations in 
ratio occur in the same person, often in the course of a single day. 
Great as these variations are, we find that on the whole there is a 
parallelism between the blood and urinary amylase concentrations ; 
i, €., high blood amylase usually goes with a high urinary amylase, 
and low blood amylase with a low urinary amylase. 

In pancreatic injury, as acute pancreatitis, obstruction of pan- 
creatic ducts or trauma of the gland, there is a tremendous increase 
in both amylases, but without a shift in the relative concentrations. 
Since the urinary amylase remains high for a period of about 24 
hours longer than the blood amylase, it may be preferable to deter- 
mine the urinary amylase for the diagnosis of acute pancreatitis. 

In conditions where the blood amylase is low, as in severe toxe- 
mias of pregnancy, pneumonia, liver abscess, many cases of chole- 
cystitis, obstructive jaundice and diabetes,’ the urinary amylase is 
proportionately low. Both occasionally may be zero. Thus, al- 
though in these conditions there are extremes of amylase concentra- 
tion, the ratios between the urine and blood remain the same as in 
healthy human beings. 

On the other hand, there are conditions in which the ratio is 
markedly reduced to such a degree that the blood amylase concen- 
tration exceeds the urinary amylase concentration, giving a ratio 
of less than one. The blood amylase in such conditions may be sub- 
normal, normal, or definitely above normal. If moderate elevations 
in blood amylase occur, it is necessary to determine urinary amylase 
in order to differentiate between kidney retention and pancreatic 
disturbance as the causative factor. 

Reversal of the urinary amylase/blood amylase ratio was observed 
mainly in kidney disturbances. Our series, as yet small, includes 
cases of acute and chronic glomerulonephritis, amyloid nephrosis 
and lipoid nephrosis. 

We have attempted to study the amylase excretion in cases of 
scarlet fever, a disease where acute nephritis is most frequently 


YS Somogyi, Michael, Proc. Soc. Exp. Bion. anp Mep., 1932, 29, 1126. 
3 Somogyi, Michael. Both methods in detail will be published in the near 
future. 
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found as a complication. We wished to obtain the blood-urinary 
amylase ratios before nephritis set in, so that we could study the 
progressive change in the ratios from the incipiency of the kidney 
lesion. During the period of this study none of these cases devel- 
oped acute nephritis. Yet, in 26 of the 35 scarlet fever patients 
there was a reversal of the ratio, suggesting that scarlet fever is 
usually accompanied by kidney damage of a degree insufficient to be 
observed clinically. At the same time, 18 cases of diphtheria and 
measles were studied; of these only 4 showed a ratio slightly below 
one. 

Work is in progress to evaluate the amylase clearance as a possible 
kidney function test. 
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Effect of Liver Extract on Thyroid Glands of Mice and 
Guinea Pigs. 


Epwarp L. Burns anp V. SuUNTZEFF. (Introduced by Leo Loeb.) 


From the Department of Pathology, Washington University School of Medicine 
St. Louis, Mo. 


During experiments to test the effect of prolonged administration 
of liver extract on the blood-forming organs, attention was drawn to 
the thyroid gland by the hyperactivity and excitability of the animals 
so treated. 

The thyroid glands of 20 mice, injected daily with from 0.1 to 0.5 
cc. of concentrated liver extract* for from 14 to 480 days, showed 
changes after 6 or 7 weeks of injection which progressed slowly 
but steadily as long as the injections were continued. These alter- 
ations consisted of : (1) Localized degeneration of several epithelial 
cells in some of the acini. (2) A general lowering of the height of 
the alveolar epithelium, associated with an increase in the amount of 
colloid contained in the acini. (3) Rupture of acini due either to 
pressure of an increased content of colloid inside the acinus or to 
isolated degeneration of the alveolar cells. (4) Accumulation of 
colloid material in the inter-acinar spaces, causing additional injury 
as well as compression, distortion, and separation of the acini. (5) 
A gradual increase in the amount of fibrous tissue in the stroma of 
the thyroid gland. 
~~ * Solution Liver Extract, Concentrated, very generously supplied by Eli Lilly 
and Co. 
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No very definite changes have been noted in the thyroid glands 
of 6 guinea pigs injected daily for from 9 to 60 days, with from 0.5 
to 1.0 cc. of concentrated liver extract. Whether injections for 
longer periods, or of larger doses, will produce alterations similar 
to those noted in mice is under investigation at present. 

While uninjected control mice showed none of the abnormalities 
noted in the experimental animals, it seemed possible that the thy- 
roid changes produced by liver extract might be due to non-specific 
reactions which could also be elicited by extracts of other organs. 
Accordingly, a control extract was prepared from beef muscle, using 
the same method as that described for the preparation of liver ex- 
tract. To date, mice injected up to 90 days with this control extract 
have been studied. The changes produced in the thyroid gland are 
similar in character to those produced by liver extract, but they are 
considerably less in degree. It must be pointed out, therefore, that 
the thyroid changes described in these experiments cannot as yet be 
attributed to any specific substance in liver extract. It is quite pos- 
sible that the difference in reaction between animals injected with 
control solution and those injected with liver extract are due to dif- 
ferences in the concentration of non-specific protein materials in 
the 2 solutions, or to some other non-specific factor. We hope to 
undertake experiments soon which will decide this point. 
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Studies in Tissue Pressure. 


GeorceE E. Burcu anp WitrtAM A. Sopeman. (Introduced by 
J. H. Musser.) 


From the Department of Medicine, Tulane University of Louisiana, New Orleans. 


Although the part played by tissue pressure in the control of the 
movement of fluid between blood vessels and tissue spaces is but 
vaguely understood, recent studies appear to demonstrate that it is a 
significant factor.» ** The wide variations in subcutaneous tissue 


1 Liver Extract, Lilly, Concentrated solution, VN. N. R., 1936, p. 282. 

1 Landis, BE. M., and Gibbon, J. H., J. Clin. Invest., 1933, 12, 105. 

2 Youmans, J. B., Wells, H. S., Donley, D., and Miller, D. G., J. Clin. Invest., 
1934, 13, 447. 

3 Weech, A. A., Goettsch, E., and Reeves, E. B., J. Soc. Exp. Biol. and Med., 
1934, 60, 63. 
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pressure found in the literature* * ° have prompted us to determine 
directly the tissue pressure by the simple manometric method em- 
ployed by Henderson’ in the determination of muscle tone. A 26 
gauge needle was used in place of a 20. In each determination 3 
readings were taken which agreed within 2 mm. of water. In this 
report we are presenting the results in normal subjects. The results 
in patients with edema will be presented later. 


TABLE I. 
Subeutaneous Tissue Pressure at Heart Level in Millimeters of Water. 


Subject Dorsum of Volar Surface Pretibial Dorsum of 
No. Age Sex Hand Forearm Area Foot 
uf oe M 28 11 22 35 
2 49 M Te 29 22 36 
S 24 M 19 26 2») 24 
4 25 F 17 2 54 15 
5 25 M 8 40 54 43 
6 29 M ils) 19 45 36 
7 PAY F 22 18 40 38 
8 23 M 14 17 18 18 
9 26 M 14 14 43 25 

10 48 M 30 39 50 38 
Mean 17.9 23.8 Bel 30.8 
TABLE II. 

Subcutaneous Tissue Pressure of the Dorsum of the Foot in Millimeters of Water. 
Standing with 
wt. bearing 
Subject Standing without (Needle removed 
No. Age wt. bearing and reinserted) 
fl 33 76 100 
12 23 31 38 
13 26 66 82 
14 26 42 102 
Mean 53.9 80.5 


The results are summarized in Tables I, II] and III. The mean 
values at heart level varied from 17.9 to 37.1 mm. of water. The 
tissue pressure in the lower extremity was increased in the erect 
position, and further increased by weight bearing. Repeated deter- 
minations were made in one subject in the dorsum of the foot at 
heart level with withdrawal of the needle for each determination. 
The values obtained were 43, 30 and 38 mm. of water. Six subjects 
stood for one hour against a table inclined at 75°. The tissue pres- 


4Landerer, A., Die Gewebesspannung, Leipzig, 1884. 
5 Gildemeister, M., and Hoffmann, L., Pfluger’s Arch., 1922, 195, 153. 
6 Meyer, F., and Holland, G., Arch. f. Exp. Path. wnd Pharmakol., 1932, 


168, 581. 
7 Henderson, Y., Ongleterson, A. W., Greenberg, L. A., and Searle, C. P., 


Am. J. Physiol., 1935-36, 114, 261. 
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sure readings in the dorsum of the foot at the beginning of the hour 
varied from 22 to 94 mm. of water, at the end of the hour 34 to 
104 mm. of water with mean values of 53.7 mm. and 65.2 mm. re- 
spectively. The maximum increase in value after the one hour 
period was 31 mm. of water. In none of our subjects in the stand- 
ing position even up to an hour did the readings approach the higher 
values found in the literature. 

The effect of venous pressure on tissue pressure readings was 
determined in the normal subjects. The venous pressure was in- 
creased by inflating a blood pressure cuff around the arm in steps of 
135 mm. of water (10 mm. of mercury) at 2 minute intervals. In 
no case was the diastolic blood pressure exceeded. The tissue pres- 
sure readings made in the dorsum of the hand are illustrated in Table 
III. Increase of venous pressure over short intervals of time had 
relatively slight effect on the tissue pressure readings. 


TABLE ITI. 
The Effect of Venous Pressure on Tissue Pressure Determination in 10 Subjects. 
Pressure in cuff Mean estimated 
constricting arm tissue pressure 
mm. water mm. water 

0 20.3 

270 19.0 

405 19.4 

540 21.3 

675 24.6 

810 27.1 


Summary. With the use of a manometric method for direct 
determination of tissue pressure it was found that the mean sub- 
cutaneous tissue pressure in the extremities at heart level varied 
between 17.9 and 37.1 mm. of water. The subcutaneous tissue pres- 
sure was increased in the foot on assuming the erect position and 
further on weight bearing. Factors other than venous pressure are 
important in the regulation of tissue pressure. 
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Studies in the Pathology of Blood Vessels in Man. IV. Volume 
Changes in Human Finger-Tip Following Sudden Venous 
Obstruction.* 


WILLIAM A. SODEMAN, GEORGE E. BurcH aNp Roy H. TurRNER 


From the Department of Medicine, Tulane University of Louisiana, New Orleans. 


During observations on the rate of blood flow through the finger 
tip with the use of a sensitive sphygmoplethysmograph,’ certain re- 
sults were noted which led to these studies. A cellulose acetate cup 
without supporting stays was used in place of the one described.* 
Immediately proximal to the cup an occluding air cuff was loosely 
wrapped so as not to produce any constriction when deflated. The 
cuff was connected to a pressure reservoir and manometer so that 
any desired pressure might be suddenly applied. Thirteen normal 
subjects, ranging from 22 to 52 years of age, were studied under 
controlled atmospheric conditions (75 + 1°F. and 50 + 5% relative 
humidity). They were seated comfortably with the arm resting pas- 
sively upon a support with the finger-tip at heart level, 30 minutes 
being allowed to reach a steady metabolic state. Reactions were 
then noted for obstructing pressures varying from 5 mm. Hg. to 
diastolic pressure and maintained for 15 to 120 seconds, an interval 
exceeding the time of obstruction being allowed for recovery be- 
tween each observation. 

For cuff pressures sufficient to cause swelling of the finger-tip 
and up to a certain critical level, varying for different persons from 
15 to 40 mm. Hg. (Table I) there occurred not only the primary 
swelling of the finger-tip but also a spontaneous secondary diminu- 
tion in volume (Fig. 1-A.). But when cuff pressures above this level 
were applied only swelling occurred (Fig. 1-B). 

The gain in volume of the finger-tip immediately following appli- 
cation of pressure in the obstructing cuff is probably due mainly to 
distension of small veins, venules and capillaries which are the ves- 
sels known to distend to the pressures employed, and the loss of vol- 
ume which followed under proper conditions is probably due to active 
constriction of these same vessels. Further evidence to show that 
they were active in this response is the fact that after the volume 
had again reached its former level without a change of intravenous 


* Aided by grants from the David Trautman Schwartz Research Fund, the 
Committee on Scientific Research of the American Medical Association, and the 
Josiah Macy, Jr., Foundation. 

1 Turner, R. H. To be published. 
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TABLE I. 

Volume changes in the finger-tip following the application of the maximum 
obstructing pressure following which there was a secondary diminution in volume. 
Obstructing pressure was usually released as soon as the volume returned to the 
original value. 


Immediate Further de- 
increase crease in 
Pressurein  invol. Secondary vol. on 
obstructing following decrease release of 
Subject Blood cuff, obstruction, invol., obstruction, 
No. Age Sex pressure mm. Hg. cu.mm. cu.mm. cu.mm. 
1 27 F 96/68 30 a == = 
2 26 M 112/80 20 26.0 33.0 47.2 
3 22 M 108/78 35 36.4 46.8 55.6 
4 26 M 114/88 30 50.7 50.7 80.2 
5 25 M 110/72 20 12.8 17.8 25.9 
6 22 M 118/82 15 22.5 31.5 12.5 
7 24 M 118/74 15 ——" = a= 
8 26 1 114/90 15 13.4 13.4 34.0 
9 26 M 110/82 35 26.2 26.2 52.0 
10 26 F 108/68 25 16.2 21.6 11.4 
11 42 M 116/94 17.5 14.0 14.0 16.7 
12 45 M 118/84 40 40.4 40.4 50.0 
13 52 M 100/62 15 19.2 19.2 22.3 
Mean 24 25.2 28.6 37.1 
Max. 40 50.7 50.7 80.2 
Min. 15 12.8 13.4 11.4 
* Reaction occurred but accurate quantitative data were not available. 
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pressure sudden release of the constricting pressure in every instance 
produced an immediate diminution of finger-tip volume below the 
original level and usually greater than the volume increase resulting 
from occlusion. The volume loss may be due entirely to primary, 
active constriction of the non-arterial vessels or in part to constric- 
tion of arterial vessels which could through diminution of blood 
flow within the capillaries and venules allow a passive constriction 
of these small vessels. We believe that the constriction is pre- 
dominantly a non-arterial phenomenon. 

The critical pressure at which the type of response changes is 
an index of tone of the vessels responsible for the volume change 
at that time. The mechanism of the response is not known but it is 
likely that it is initiated by increased intravascular tension. That local 
constricting pressure without venous distension is not an adequate 
stimulus is evidenced by lack of response to sudden momentary 
pressure in the cuff. Active responses of veins to other stimuli have 
been reported by others.”° 

These phenomena are being studied further in normal and diseased 
individuals. 

Summary. Secondary spontaneous diminution of volume of the 
finger-tip following sudden partial obstruction of the venous flow 
from the part is reported. The reaction seems to be due to active 
constriction of veins, venules and capillaries which may be initiated 
by increased tension within these vessels. 
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Sympathetic Ganglion Cell Changes in Adrenalectomized 
Animals. 


B. I. Burns, J. D. REEsE anp A. H. SELLMANN. (Introduced by 
Harold Cummins. ) 


From the Department of Anatomy, Louisiana State University Medical Center, 
New Orleans. 


Recent literature is replete with reports of the functional dis- 
turbances in animals deprived of their adrenal glands but offers little 


2 Hooker, D. R., Physiol. Rev., 1921, 1, 112. 

3 Krogh, A., The Anatomy and Physiology of Capillaries, New Haven, 1929, 
2nd Ed. 

4 Lewis, T., The Blood Vessels of the Human Skin and Their Responses, Lon- 
don, 1927. 

5 Capps, R. B., J. Clin. Invest., 1936, 15, 229. 
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information as to accompanying structural changes. In view of the 
well-established physiological relationship between this gland and 
the autonomic nervous system the authors undertook a preliminary 
study of sympathetic ganglion cells in adrenalectomized cats with a 
view to determining what structural changes, if any, accompanied 
the adrenal insufficiency. 

The procedure was as follows: The right adrenal gland was re- 
moved by a retroperitoneal approach and 7 to 10 days later the left 
gland was removed in a similar manner. Both operations were done 
under intraperitoneal nembutal anesthesia. The cats utilized for the 
study lived from 3 to 12 days following completion of the adrenalec- 
tomy. Five of these cats died of adrenal insufficiency and the re- 
mainder were killed by opening the thorax and abdomen under ether 
anesthesia and eviscerating the animal. The superior cervical and stel- 
late ganglia only were removed in the first 6 animals but in the re- 
mainder the coeliac and the thoraco-lumbar chain ganglia were also 
removed. The material was fixed in formalin-acetic acid, sectioned 
in paraffin, and alternate sections stained with cresyl violet and iron 
haematoxylin. 

Later, a series of experiments was designed to substantiate the 
preliminary findings as well as to provide for controls. Twelve male 
cats were kept for a period of 5 weeks, during which time they were 
given a vermifuge and fed on a well-balanced diet. All were sub- 
jected to the same conditions and all were in excellent nutritive state 
at the end of the 5 weeks. Six of the cats were then adrenalectomized 
as in the preliminary series. When one of the operated animals was 
autopsied a normal one was also killed and corresponding ganglia 
from the 2 cats were carried through the fixative, dehydrative fluids, 
paraffin, etc., in the same containers. Finally, sections of ganglia 
from the normal and from the operated animal were mounted on the 
same slide and thus stained simultaneously. This series disposed of 
any question of misinterpretation of our findings in the preliminary 
series due to possible alterations of cell structure by the technical 
procedure to which the preparations were subjected. It also an- 
swers the question of the effect of etherization on the Nissl substance 
since the normal animal required much more ether at autopsy than 
did the operated one. 

An additional precaution may be mentioned by way of ruling out 
the possibility of the changes described being attributed to axon in- 
jury. Ganglia from 2 cats in which an attempt was made to destroy 
all nerve fibers in the region of the adrenals were examined as well 
as ganglia from animals which had been subjected to unilateral 
adrenalectomy only. In both cases all ganglia appeared normal. 
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Further controls indicated and carried out were as follows: 
Ganglia were examined from cats in various stages of inanition and 
from one cat which had been starved. Material was secured from 
a number of animals at varying intervals post-mortem. One cat 
was killed and kept at room temperature for 12 hours, during which 
time a ganglion was removed at 2-hour intervals. Other animals 
killed by repeated doses of nembutal and by unintentional overdose 
of the same drug were examined. In none of these cases were 
changes present of the nature of those found in the ganglia of 
adrenalectomized animals. 

In observing the animals we have relied entirely on the classical 
physical signs of adrenal insufficiency. No blood or urine studies 
have been made because, for present purposes, we have been con- 
cerned solely with the autonomic ganglion cell picture and the degree 
of adrenal insufficiency is adequately indicated by physical signs 
alone. The animals show asthenia, anorexia, lowered body tempera- 
ture, and circulatory disturbances corresponding to those outlined 
by other investigators.* 

The study of ganglia for this report has been limited to the super- 
ior cervical and stellate. These ganglia were selected because of 
their easy accessibility and because of their distance from the op- 
erative field. However, the coeliac and the thoracic and abdominal 
chain ganglia show features in the experimental animals conforming 
to those described in the superior cervical and stellate. Each of the 
18 cats from which ganglia were studied was suffering from adrenal 
insufficiency. 

The ganglion cell changes in autonomic ganglia of the adrenalec- 
tomized animals may be mild or extensive, depending on the degree 
of insufficiency as indicated by the physical signs. But the degree 
of insufficiency is not a matter of time. It may become extreme in 
3 days and some cats survive for 10 or 12 days. One cat which 
died on the fourth day showed more marked ganglion cell changes 
than another that died on the eleventh day after the final operation. 
The mild changes consist of swelling of cells and nuclei, chroma- 
tolysis, and disintegration of the Nissl substance which has a ten- 
dency to be more generally massed at the periphery of the cell than 
in the normal ganglion (Figs. 4 and 5). The more marked changes 
are pycnosis (Figs. 3 and 9) with occasionally extrusion of the nu- 
cleus from the cell (Fig. 5) and of the nucleolus from the nucleus 
(Fig. 8). The nuclear membrane may stain indistinctly or may 
appear fragmented. The cell bodies are often irregular and mark- 


1Grollman, Arthur, The Adrenals, Williams and Wilkins Co., 1936, pp. 161-167. 
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edly shrunken and the Nissl substance either densely massed at the 
periphery, so that discrete granules can not be seen, or very finely 
granular and lightly stained. While the nuclei in autonomic ganglia 
have a tendency to be eccentric in position, that tendency is increased 
in the ganglia ftom the operated animals. The Nissl substance may 


Figs. 1 and 2, normal sup. cerv., and figs. 6 and 7, normal stellate gang. cells. 
Fig. 3, pyenotic nuclei in sup. cerv. gang. cells 8 days after removal of second 
gland. Fig. 4, sup. cerv. gang. cell exhibiting early reaction. Fig. 5, sup. cerv. 
gang. cell, nucleus being extruded. Fig. 8, stell. gang. cell, nucleolus being ex- 
truded from nucleus. Fig. 9, pyenotic nucleus and peripheral Nissl substance. 
Fig. 3, iron hematoxylin; remainder, cresyl violet stain. > 500 before reduction. 
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normally be more abundant at the periphery of the ganglion cell, but 
it is often located centrally immediately surrounding the nucleus. 
Usually it is uniformly diffused throughout the cytoplasm. In the 
ganglia from cats suffering from adrenal insufficiency this substance 
is peripherally placed in the majority of cells (Figs. 4, 5, 8, and 9) 
but peripheral displacement alone does not indicate a degenerative 
change. The cell can only be considered as having an abnormal 
reaction in respect to Nissl substance when the latter loses its dis- 
crete granular character, a condition never encountered in normal 
ganglion cells in our studies. Vacuoles are frequently seen in the 
cytoplasm and when the nucleus is markedly shrunken the space it 
originally occupied remains as a vacuole between the shrunken nu- 
cleus and the cytoplasm (Figs. 3 and 9). The content of this space 
and other vacuoles does not stain with osmic acid nor with silver 
in our preparations. It is probably a fluid or semi-fluid substance. 
The significance of the degenerative changes in autonomic gan- 
glion cells in adrenal insufficiency is not entirely apparent from our 
experiments. Elliott? has offered experimental evidence to support 
his statement that animals deprived of their adrenal glands show a 
“nearly complete paralysis of vasomotor and cardio-accelerator 
nerves (all other nerves reacting in an approximately normal man- 
ner).’’ He found the vagus response to stimulus and pupillary 
reactions to be normal. Urechia and Muihaleschu” found similar 
changes in the nuclei of the tuber cinereum. They regard these 
nuclei as autonomic centers in the diencephalon. If the findings of 
Elliott are correct, the suggestion is offered that the ganglion cells 
degenerating ‘in our animals are those concerned with vaso-con- 
striction and cardiac acceleration, an explanation in accord with the 
fact that the great majority of the cells in these ganglia are undoubt- 
edly vasomotor or cardio-accelerator in function. One might also 
suggest that the tuber nuclei showing degenerative changes in 
Urechia and Mihaleschu’s experiments are probably vaso-constrictor 
and cardio-accelerator centers. However, a more extensive survey 
of the ganglia of the entire autonomic system and further study 
of autonomic centers will be necessary to warrant definite state- 
ments and further experiments directed to this end are in progress. 
Ganglia other than the superior cervical and stellate do show de- 
generative changes in our series but the thoracic and abdominal 
chain ganglia appear to contain a greater proportion of normal cells 
than do the superior cervical and stellate. The coeliac is even more 


2 Elliott, AMES tierce, Physiol., 1914, 49, 38. 
3 Urechia, G. I., and Mihaleschu, S., Endocrinologie, 1925, 3, 296. 
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extensively involved than the latter ganglia, however. Attention has 
been called to degenerative changes in this ganglion in cases of 
Addison’s disease.* Although Hollinshead’ has shown that the 
nerve fibers to the adrenal medulla are preganglionic it seems likely 
that the cortex would receive some post-ganglionic fibers from the 
coeliac ganglion. Hence some of the changes in that ganglion may 
represent axonal reaction. 

Summary, The cells of the autonomic ganglia of cats deprived 
of their adrenal glands for a sufficient time to bring about classical 
signs of adrenal insufficiency present definite degenerative changes. 
These changes vary in degree directly with the severity of the in- 
sufficiency as indicated by the physical signs. No definite statement 
can be made as to the significance of these findings in so far as our 
studies are concerned but the suggestion is offered that autonomic 
ganglion cell degeneration may explain some of the vasomotor dis- 
turbances in adrenal insufficiency. Neither is it possible to offer an 
explanation as to how the adrenal insufficiency affects the ganglion 
cells—whether as a part of a general metabolic disturbance or in 
some more direct, or even more complex, manner. 
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Do Cysts of Endamoeba histolytica Formed in the Intestine ; 
Excyst Before Evacuation and Cause Internal Autoinfection P* 


JOHN CLYDE SWARTZWELDER. (Introduced by E. C. Faust.) 


From the Department of Tropical Medicine, Tulane University, New Orleans, La. 


The following study was designed to determine whether internal 
antoinfection from cysts of Endamoeba histolytica occurs. By in- 
ternal autoinfection is meant the excystation of cysts formed in the 
intestine and their invasion of the tissues of the host without leaving 
the body. The term does not refer to ‘‘anus to mouth” transmission 
of cysts nor to reinvasion of the gut by the trophozoites. 

Sellards and Theiler’ claim to have infected 6 of 8 kittens by 
injecting material containing cysts only into the colon following 


4 McCrae, Thomas, Osler’s Principles and Practice of Medicine, tenth edition, 
1927, p. 882. 


5 Hollinshead, W. H., J. Comp. Neurol., 1936, 64, 464. 


* Conducted in part as a project of the Amebiasis Unit of the National Insti- 
tute of Health at Tulane University. 


1Sellards, A. W., and Theiler, M., Am. J. Trop. Med., 1924, 4, 309. 
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laparotomy. In each case a silk ligature was tied around the large 
bowel and the inoculum injected above the point of ligation. Hoare? 
exhibited sections of the intestine of a kitten, presumably infected 
with Endamoeba histolytica by the rectal injection of cysts alone. 
According to Wenyon,* Drbohlav has stated that he was able to 
confirm these observations. However, these results are open to 
question, since the information for the most part is incomplete, there 
was a possibility of trophozoites being in the inoculum or the results 
were obtained under abnormal conditions. 

Negative results were obtained by Izar,* who, in a single instance, 
inoculated one adult cat per rectum with a patient's stool containing 
cysts and presumably no trophozoites. No symptoms developed. 
Hegner, Johnson and Stabler’ failed to produce infection in a brown 
howler monkey aiter injection of a human strain of cysts per anum 
into the colon. 

In the present study 24 healthy young dogs, in addition to con- 
trols, were used. All animals were carefully examined before use 
to insure that none were naturally infected with amebe. Precau- 
tions were taken to eliminate the possibility of the inoculum’s reach- 
ing the mouth and thus causing infection by the normal route. Seven 
human strains of Endamoeba histolytica, known to be infective for 
dogs, were used to rule out individual differences of the strains. 
Both ripe and unripe cysts were present in the material used for 
inoculation and similar forms readily excysted when ingested by 
control animals. The inoculum in each case was exposed to low 
temperatures for a period sufficient to insure its freedom from 
viable trophozoites. The writer is indebted to Col. Charles F. 
Craig for complement fixation tests done on the animals before their 
use. All dogs gave negative reactions. 

A number of attempts was made to determine, first, whether ex- 
cystation occurred within reasonable time limits, and second, whether 
tissue invasion was produced. In the first series of 5 dogs, cysts 
were injected into the ileum following laparotomy, to determine 
whether excystation occurred in the ileum or large bowel without 
passage of the cysts through the stomach and small intestine. In 
all 5 animals no excystation occurred during periods ranging from 2 
to 8 hours, which greatly exceed the normal time required for ex- 
cystation when cysts are ingested. Dehydration was evident in some 
instances, but in others where such a condition did not exist, ex- 


2 Hoare, C. A., Trans. Roy. Soc. Trop. Med. and Hyg., 1925, 19, 277. 

3 Wenyon, C. M., Protozoology, 2 vols., 1926, 1563 pp. 

4 Tzar, G., Beiheft 2. Arch. f. Schiffs und Tropenhyg., 1914, 18, 31. 

5 Hegner, R., Johnson, C. M., and Stabler, R. M., Am. J. Hyg., 1932, 15, 394. 
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cystation likewise failed to occur. The same procedure, except that 
the inoculum was injected into the large bowel instead of the ileum, 
was repeated in 2 additional dogs. No excystation occurred. 

To eliminate the unnatural conditions produced by laparotomy, 
cysts were injected into the cecum and colon per anum, with the use 
of the technic devised by Faust® for the transfer of the dysentery 
ameba from dog to dog. In these animals apparently viable cysts 
were found at autopsy from 3 to 12 hours after inoculation. It was 
evident that under these conditions neither excystation nor further 
development had taken place. 

Since the dehydration was marked in some animals, even though 
large volumes of fluid had been given by mouth, it was found that 
agar aided in keeping the inoculum moist for several hours. Three 
dogs were given agar either by mouth or in the inoculum which was 
instilled into the colon per anwm. The cysts likewise failed to excyst 
even when dehydration was slight and the medium of the inoculum 
in the intestine was moist or liquid. 

Attempts to induce infection were made by producing stasis by 
various methods. Collodion plugs were inserted into the rectums 
of 4 dogs following inoculation with cysts by the anal route. These 
animals were autopsied from 24 to 4 days later and only cysts were 
found, except that in one dog, which had freed itself and probably 
had ingested a portion of the voided inoculum, a single.trophozoite 
was seen. Similarly, there was no evidence of excystation or tissue 
invasion in 3 dogs in which the anus was sutured to provide better 
retention of the inoculum. 

The technic employed by Sellards and Theiler, who reported pro- 
ducing infection in cats by means of ligating the rectum following 
laparotomy and injecting cysts by needle into the lumen above the 
point of ligation, was repeated. One of 3 dogs inoculated in this 
manner became infected. In this animal, however, the large intes- 
tine was extremely dilated with fluid and gas, due to the stasis, and 
the mucosa was extremely inflamed. This condition was not quite 
so marked in the 2 negative animals in this series. It should be noted 
that this was the only infection produced in dogs by cysts which had 
not passed through the stomach and small intestine, and that this oc- 
curred under extremely abnormal! conditions. 

It is believed that these studies in the dog, which has been shown 
by Faust’ to be a far more suitable experimental host for Enda- 
moeba Iustolytica than the cat, indicate that internal autoinfection 


6 Faust, E. C., Porto Rico J. Pub. Health and Trop. Med., 1931, 6, 391. 
7 Faust, E. C., Am. J. Trop. Med., 1932, 12, 37. 
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by cysts does not normally occur, although it may be produced under 
extremely artificial conditions. 
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Value of Mouse Brain Antigen for Diagnosis of Lympho- 
granuloma Inguinale. 


EMMERICH VON HAAM AND RALPH HARTWELL. 


From the Departments of Pathology and Bacteriology, Louisiana State University 
Medical Center, and the State Charity Hospital of Louisiana, New Orleans. 


D’Aunoy and von Haam?' reported the results of a series of Frei 
tests performed in 547 cases of lymphogranuloma inguinale and 
1,132 negro hospital patients suffering from various other diseases. 
The diagnoses based upon the test proved correct in 90.9% of 
the cases, in 7.2% the patients gave doubtful reactions and in 1.9% 
apparently faulty reactions were obtained. A comparison of the 
various antigens used for the Frei test showed that antigen prepared 
from human glands and the brains of experimentally infected mar- 
mosets gave less doubtful reactions than the antigen prepared from 
diluted human pus or brain emulsions of infected mice. 

Strauss and Howard? published the results of Frei tests on 14 
persons which included 8 healthy controls, 5 definite cases of lymph- 
ogranuloma inguinale and one questionable case. They claimed that 
nearly half of the reactions to mouse brain antigen injected intra- 
dermally into normal subjects were indistinguishable from typical 
positive Frei reactions. These false reactions were ascribed by the 
authors to unknown changes which occur in infected mouse brain 
antigens within a few weeks after preparation. For this reason, the 
authors believe that Frei antigen made from mouse brain is unsuit- 
able for the routine diagnosis of lymphogranuloma inguinale. 

Grace and Suskind,’ testing 95 specimens of their own lympho- 
granulomatous mouse brain antigens and 41 specimens of commer- 
cial mouse brain antigen in 50 cases of lymphogranuloma inguinale 
and 128 persons who served as control, denied the occurrence of 
any changes which would make the antigen unreliable for the per- 
formance of the Frei test, within a period of 2 years after prepara- 
tion. 


1D’Aunoy, R., and von Haam, E., Am. J. Clin. Path., 1936, 6, 529. 
2 Strauss, M. J., and Howard, M. E., J. A. M. A., 1936, 106, 517. 
3 Grace, A. W., and Suskind, F. H., J. Ad. M. A., 1936, 107, 1359. 
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Because of the widespread interest that lymphogranuloma 1n- 
guinale has recently aroused in the United States and the recognized 
value of the Frei test for the diagnosis of the disease, the question as 
to the value of the antigen used in the test is of extreme importance. 
In our own laboratory, mouse brain antigens have been prepared 
for the last 4 years at regular monthly intervals from various strains 
of lymphogranuloma inguinale virus and have produced very satis- 
factory results. Because of its quick method of preparation and 
standardization it has largely replaced antigens prepared from hu- 
man material or from the brains of infected marmosets in our diag- 
nostic and therapeutic work. 

We have made a systematic study of the influence of age upon 
the specificity and the sensitivity of mouse brain antigen (M.B.A.). 
Small samples of each monthly-prepared portion of our antigen 
were preserved in a sealed vial either in the ice-box or in a desk 
drawer at room temperature and at the beginning of our experiments 
we had antigen available which was anywhere from one month to 
14-months old. Antigen prepared from human material and control 
antigen prepared from normal mouse brain emulsions were likewise 
kept for over one year, under both conditions, and tested for diag- 
nostic value. With this material, the sterility of which was fre- 
quently tested, Frei tests were performed in the usual manner and 
the reactions obtained were compared with tests performed on the 
same individuals with fresh human or mouse brain antigen. Five 
persons showing the clinical symptoms of acute lymphogranuloma 
inguinale and 68 healthy medical students who gave no allergic 
history were subjected to those tests, and the results are listed in 
Tables I, I, and III. 

From the results shown in the tables we may conclude that neither 
the specificity nor the sensitivity of mouse brain antigen is greatly 
affected by ageing of the antigen up to 14 months. Out of a total of 
177 reactions observed within a short time on 68 noninfected per- 

TABLE I. 


Frei Tests with M.B. Antigen Aged in the Ice-Box. 
Medical Students. 


Age of M.B. Antigen in Months 


Reaction 1457122 10) See 5) 4 oe ie motalanas 

Negative 

up to 2 mm. diameter Oe fob 9 60 4 eee Sa oe Om mn 77 
Doubtful Negative 

3-4 mm, diam. Sa AB ee EOS 28 
Weakly Positive 

5-6 diam. MO O Ore a 6 
Positive 


aS 


over 7 mm. diam. 0 0 0 0 0 0 ) ] 0 1 
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; TABLE II. 
Frei Tests with M.B. Antigen Aged at Room Temperature. 
Medical Students 
_————————  —————————————>>Ebhb)hH——eEe 
Age of M.B. Antigen in Months 


Reaction 14 #12 10 «9 8 7 5 1 Total No. 

Negative 

up to 2 mm. diameter Wy EON WES tay ia o = Cee tS) 54 
Doubtful Negative 

3-4 mm. diam. ) 3 3 2 1 1 0 1 idl 
Weakly Positive 

5-6 mm. diam. 0 0) 0 0 0 0) 0 0 0 
Positive 


over 7 mm. diam. 0 0 0) 0 0 0 0 0 0 


TABLE III. 
Frei Tests with Old Antigen in Cases of Lymphogranuloma Inguinale. 
Five Patients. 


Type of Antigen Age in Months Reaction 
Infected Mouse Brain IPO MO, Ho Al . Strongly Positive 
23 Human Glands 12 Weakly *2 


Normal Mouse Brain 


10,1 Negative 


sons, 74% gave reactions not larger than 2 mm. in diameter while 
in only 4% was the papule produced by the antigen larger than 4 
mm. Control antigen prepared from the brain emulsions of normal 
mice and kept for 10 months under similar conditions likewise failed 
to produce papules larger than 4 mm. in diameter. A comparison 
of Tables I and II seems to indicate that ice-box temperature is not 
absolutely necessary to keep the antigens specific, provided their 
sterility is assured. From Table III we learn that old antigens 
maintain their reactivity for at least 14 months. Only the human 
antigen gave slightly weaker positive reactions after having been 
kept for one year in the ice-box. Although the number of patients 
with lymphogranuloma inguinale on whom the effectiveness of the 
old antigens was tested is not very large, we believe that the uni- 
formity of the results in our cases is sufficient proof that the diag- 
nostic value of mouse brain antigen is not altered by keeping the 
antigen in the ice-box or at room temperature for as long as one 
year. 

The results of our investigation confirm the findings of Grace 
and Suskind. Without attempting to explain the contrary results of 
Strauss and Howard, we wish to stress some of the factors which 
seem of special importance in conducting the tests. The sterility of 
the antigen must be absolutely assured, the injection must be made 
in the superficial layers of the epithelium and the papules produced 
should not be larger than 10 mm. in diameter. Only persons in 
whom the presence of an allergic status has been excluded should 
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be used as normal control subjects. We agree with the New Haven 
workers that mouse brain emulsions will often produce strong reac- 
tions in allergic persons, but these reactions will be equally as severe 
following the injection of normal mouse brain emulsion as follow- 
ing the injection of specific mouse brain antigen. Theretore, we 
use normal mouse brain emulsions as control instead of sterile saline 
solutions, as first advocated by Frei.* A comparison of both reac- 
tions will then insure the correct diagnosis in persons with slight 
allergic reactions. This has also been advocated by Grace and 
Suskind, 

Summary, On the basis of 217 Frei tests performed in persons 
suffering from acute lymphogranuloma inguinale and healthy medi- 
cal students, with mouse brain antigen of varying age, we conclude 
that neither its specificity nor its sensitivity is altered by preserva- 
tion in the ice-box or at room temperature, for as long as 14 months. 
In order to exclude false positive reactions in persons hypersensitive 
to mouse brain emulsions, the use of normal mouse brain emulsions 
as control is recommended. 
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Effect of Posture on Cardiac Output. 


H. Morrow SWEENEY AND H. S. MAYERSON. 


From the Laboratory of Physiology, School of Medicine, Tulane University, 
New Orleans. 


Most of the evidence obtained by various investigators employing 
different methods shows that cardiac output is decreased progres- 
sively in the sitting and standing as contrasted to the recumbent posi- 
tion. Recent investigations’”’ in which the generally accepted more 
accurate acetylene method was used have given results in the same 
direction. Grollman,® however, using a nitrous oxide method which 
in his hands gave values agreeing with the acetylene method, found 
no change with posture. Beilschowsky,’ using the acetylene method, 


4 Frei, W., Klin. Wehnschr., 1925, 4, 2148. 

1¥isher, I. L., Arbeitsphysiologie, 1932-3, 6, 111. 

2 Bock, H., Zeit. f. d. ges. exper. Med., 1934, 92, 782. 

3 Nylin, G., Skand. Arch. f. Physiol., 1934, 69, 237. 

4 Schneider, E. C., and Crampton, C. B., Am. J. Physiol., 1934, 110, 14. 
5 Scott, J. C., Am. J. Physiol., 1936, 115, 268. 

6 Grollman, A., Am. J. Physiol., 1928, 86, 285. 

7 Beilschowsky, P., Klin. Woch., 1932, 2, 1252. 
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also found no change. This discrepancy in the findings, augmented 
by Gladstone’s criticism and modification of the acetylene method® 
prompted this reinvestigation of the problem. 

Five experienced healthy adult males, ranging in age from 21 to 
36 years, served as subjects for determinations made at intervals 
over periods of 4 to 6 months each. All determinations were made 
in the morning after the fasting subject arrived at the laboratory 
and had rested on a comfortable cot for at least 30 minutes. The 
recumbent determinations were made with the subject supine on the 
cot, the sitting in a straight-backed chair and the standing with the 
subject leaning lightly against the wall to prevent swaying. Changes 
in position were made with as little expenditure of energy as pos- 
sible. Cardiac outputs were determined about 20 minutes after the 
assumption of the desired position. 

All subjects show a smaller cardiac output in the standing as con- 
trasted to the recumbent position (Table). This difference is fur- 
ther accentuated when only paired determinations (recumbent and 
standing done on the same day) are compared, the mean difference 
of 28 such determinations being 21%. The change is apparent re- 
gardless of whether the original Grollman® or the modified Glad- 
stone method* is used. Values for the sitting approximate those for 
the standing position. A comparison of the results obtained by the 
2 methods shows excellent agreement for outputs determined in the 
recumbent position but lower outputs due to higher A-V O, dif- 
ferences in the sitting and standing positions when the Grollman 
method is used. 

Sampling at short intervals during the rebreathing (6 samples at 
intervals of 2 seconds or more) indicates an abrupt decrease in the 
rate of acetylene diffusion in the sitting and standing positions but 


TABLE I. 
Average of All Determinations, Gladstone Method. 
Recumbent Standing ———_——_— 
Ogcons. C.O. Stroke Ogcons. C.0. Stroke 
No. of ce.per liters vol., No.of ec.per liters vol., 
Subject det’m. min. permin. ce. det’m. min. permin. ce. 
F. 9 205.3 3.53 57.7 12 227.1 3.07 37.3 
Hs 2 197.4 5.31 91.9 16 223.5 3.91 41.3 
M. 17 227.8 4.82 LDL) 10 232.0 3.71 44.0 
Abe 12 236.8 5.65 109.1 12 289.8 5.16 61.9 
M. 13 229.5 4.44 67.7 8 242.2 4,22 47.5 
Average 219.4 4.75 81.3 243.0 4.01 48.0 
% change +10.8 —15.8 —40.9 


8 Gladstone, 8. A., Am. J. Physiol., 1935, 112, 705. 
9Grollman, A., Am. J. Physiol., 1929, 88, 432. 
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not in the recumbent position. This change occurs at 10.5 seconds 
(average 3 determinations) in the sitting and at LOZ seconds (aver- 
age 13 determinations) in the standing position and is obviously 
due to recirculation® although the factors involved in the more rapid 
recirculation in these positions have not yet been determined. These 
experiments account for the falsely high A-V O, differences and low 
outputs obtained with the Grollman procedure in the sitting and 
standing positions, since under these conditions the acetylene dif- 
ference is erroneously low. 

The adequacy of the short Gladstone rebreathing procedure for 
attaining homogeneity of gases in the lung-bag system prior to 
drawing the first sample has been substantiated. Two first samples 
were drawn simultaneously from the proximal and distal ends of 
the bag respectively. The resulting A-V O, differences calculated 
by pairing each of these first samples with the one second sample 
agreed closely. A-V O, differences calculated from any 2 samples 
in the 6-sample experiments also show good agreement from the 
end of the first expiration until recirculation takes place. 


9197 P 


Effect of Metabolites on Growth, and Differentiation in the 
Colon-Group.* 


M. J. Powers anp Max LEvINE. 


From the Department of Bacteriology, Iowa State College, Ames, Iowa. 


The subdivision of the colon-group of bacteria into distinct sub- 
groups is still a problem despite many studies. The genera Escher- 
ichia and Aérobacter can be differentiated from each other by nearly 
a dozen correlated characters. The genus Aérobacter can be fur- 
ther subdivided on correlated characters into at least 2 distinct sub- 
groups represented by Aérobacter aérogenes and Aérobacter cloace. 
Aside from these divisions, however. considerable confusion still 
exists. 

There are many strains whose characters are such that they can- 
not be allocated to either of the genera. In this paper these bacteria 
will be referred to collectively as “Intermediates’’, 


* Aided by a grant from the Rockefeller Flui 


d Research Fund of Iowa State 
College. 
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Garré and later Eijkman? showed that bacterial growth-products 
exhibit specific inhibitory effects. The purpose of this paper is 
to ascertain whether antagonism, or antibiosis, offers possibilities 
for differentiation of bacteria of the colon-group. 

The method adopted was as follows: Broth containing 1.0% 
Bacto proteose-peptone and 0.1% K;:HPO, was inoculated with 
colon-organisms. These broth cultures were then incubated for 10 
days at 37°C. An equal volume of a 3.0% agar gel was added to 
each of these 10-day broth cultures and plates were poured. This 
constituted what is known as a “‘staled” agar substratum. 

These “‘staled” agar plates were then streaked with 24-hour broth 
cultures of the homologous organism and with 24-hour broth cul- 
tures of a number of other test-organisms employed in producing 
“staled” substrata. The cultures employed were 5 strains of the 
genus Escherichia, 6 “Intermediates”, 6 Aérobacter aerogenes, and 
6 Aérobacter cloace. Each of the 23 test-cultures was streaked on 
each of the 23 “‘staled” substrata, and the plates incubated for 48 
hours at 37°C. Typical results are shown in Table I. 

It is evident that the relative vigor of growth of an organ- 
ism is distinctly better when streaked on a medium “‘staled” 
by an organism other than a member of its own genus or species 
than was the case with “‘staled’’ agar of the same genus or species. 
It is suggested that metabolic end-products (metabolites) are re- 
sponsible for the effect observed. 

Four 50 cc. samples of “‘staled” broth from 4 cultures were fil- 
tered through new, 155 mm., L5, Chamberland-Pasteur filter can- 
dies, agar gel added, and test cultures streaked as before. Distinct 
evidence of further growth was obtained, indicating that some of the 
inhibitory metabolites were adsorbed by the filters. Similarly, 
boiling a “‘staled’”” medium reduced its growth-inhibiting properties. 

The results indicate the existence of adsorbable substances in cul- 
tures of coli-aérogenes organisms which seem to exhibit some evi- 
dence of specific, growth-inhibiting properties against homologous 
strains. It is suggested that these substances might assist in inter- 
group differentiation. 


1 Garré, C., Centbl. Bakt., 1887, 2, 312. 
2 Hijkman, C., Centbl. Bakt., Abt. 1, 1904, 87, 436. 
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Effect of 2-4 Dinitrophenol on Oxygen Consumption of the 
Rabbit Lens.* 


J. FIELD, 2ND, AND E. G. TAINTER. 
From the Department of Physiology, Stanford University. 


Recent findings suggest that the therapeutic use of 2-4 dinitro- 
phenol (DNP) in the treatment of obesity is followed in a small 
percentage of cases by the development of cataract.2? Since the 
etiology of cataract is obscure and since metabolic disturbances in 
the lens may play a part,® an investigation of the action of this meta- 
bolic stimulant on the oxygen consumption of the lens was under- 
taken. 

Young white rabbits about 1 kg. in weight were used throughout. 
These were killed by a blow on the back of the neck and the lenses 
rapidly removed, care being taken to avoid injury to the capsules. 
Excised lenses were placed at once in small (6 ccm.) vessels be- 
longing to a set of 4 differential Barcroft microrespirometers. The 
suspension medium was mammalian Ringer’s solution containing 
0.2% glucose, buffered at pH 7.2 with M/150 phosphate. The 
vessels were then filled with oxygen and immersed in a water bath 
at 30° + 0.01°C. The respirometer shaker was operated at a rate 
of 110 round trips per minute, with an excursion of 5 cm. Lenses 
were equilibrated for an hour under these conditions before meas- 
urement of respiration was commenced. These values of tempera- 
ture and rate of shaking were maintained throughout. A total of 
144 lenses was used in the 36 runs made. 

Each lens served as its own control for a 60-minute period. DNP 
(as sodium dinitrophenoxide) was then added from the sidearms 
to the experimental vessels, Ringer’s to the controls. In no case 
did such addition result in significant change of pH. 

The oxygen consumption of the lens is relatively low. In cmm. 
oxygen (N.P.T.) per gm. wet weight per hour (Qo,) the mean of 
44 runs was 32.1 for the first hour of measurement. The range was 
20.3 to 52.8, the standard deviation 7.4. There was a definite de- 
crease in Qo, with increase in lens weight. Integral curves showing 
total oxygen consumption as a function of time are of the declining- 


*Supported in part by Grant 400 of the Committee on Scientific Research of 
the American Medical Association. 

1 Boardman, W. W., J. Am. Med. Assn., 1935, 195, 108. 

2 Horner, W. D., Arch. Ophthal., 1936, 16, 447. 

3 Bourne, M. C., Physiol. Rev., 1937, 17, 1. 
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rate type, although the decrease in rate is quite small (Curve I, Fig. 
1, is typical). 


320 
280 
240 
200 
160 
120 


80 


TOTAL OXYGEN CONSUMED 
C.MM. PER GRAM WET WEIGHT 


40 


oO 69 120 180 =6©©240 6300 
MINUTES 


TIME 
Fic. 1. 

Op» consumption of rabbit lens in Ringer’s solution. Curves I and II represent 
respiration of lenses from one animal, IIT and IV from another. At 60 minutes 
DNP was added from the sidearms of vessels II, III and IV, Ringer’s from the 
sidearm of I. The following were the concentrations of DNP in the several vessels. 
I, 0 (control); II, 0.005 mg. % (subliminal) ; III, 0.25 mg. % (stimulating) ; 
IV, 400.0 mg. % (inhibitory). On this scale curves I, II, III and IV are coin- 
cident for the first 60 minutes. 


Twenty-five concentrations of DNP were employed, ranging from 
0.005 to 400.0 mg. '%. In general, concentrations above 5 mg. % 
were inhibitory. 0.05 to 1.25 mg. % stimulating, below 0.05 mg. % 
subliminal. The optimum concentration lay in the range 0.10 to 
0.30 mg. %. Typical effects of subliminal, stimulating and inhib- 
itory concentrations are shown in Fig. 1. 

These studies are being continued and will be presented in detail 
in a subsequent paper. 
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Observations on the Transmission of Anaphylactic Sensitivity 


in the Guinea Pig. 


Mitton B. CoHEN AND B. H. WoopruFrF. 


From the Associated Foundations of the Anatomical Laboratory, Western Reserve 
University. 


Ratner, Jackson and Gruehl,* in an exhaustive study of passive 
sensitization in utero, showed conclusively that when a female guinea 
pig was actively sensitized, and was bred with a normal male, all the 
offspring would be born sensitive as long as the mother remained 
sensitive. They used horse serum and demonstrated the presence of 
sensitivity by either the intravenous or intraperitoneal injection of 
the antigen or by means of the Schultz-Dale reaction. Passive sen- 
sitivity induced in this manner according to these authors “definitely 
persists for about 244 months and may occasionally persist, to a 
moderate degree, up to 4 months. It will have worn off before the 
sensitized offspring matures and is capable of conception.” 

We have used the method referred to above to produce guinea 
pigs sensitive at birth to egg white. Chart 1 shows the details of 
our observations on the placental transmission of egg sensitivity 
from actively sensitized guinea pigs to their offspring and from 
these passively sensitized guinea pigs to over one-half of their lit- 
ters. Instead of persisting for only 24%4 months, as in Ratner, Jack- 
son and Gruehl’s series the passive sensitivity in our animals lasted 
long enough so that 4 females bred at 6 months of age had litters 
in which half could be demonstrated to be sensitive. All 4 mothers 
were tested after the birth of the offspring and none of these 4 suf- 
fered an anaphylactic shock. Similarly 4 passively sensitized fe- 
males bred at 3 months of age produced 15 offspring, nine of which 
were born sensitive. All 4 mothers were tested after the birth of 
the offspring and each of these 4 animals suffered a definite ana- 
phylactic shock with recovery when 181, 191, 193, and 203 days old. 

These experiments demonstrated that passive anaphylactic sen- 
sitivity to egg white transmitted to a guinea pig im utero, lasts long 
enough to be transmitted through her placenta to at least half of 
her offspring if she is bred before 6 months of age. 


ee ee ee ee ae 
1 Ratner, Bret, Jackson, Holmes C., and Gruehl, Helen Lee, J. Immunol., 1927, 
14, 291. 
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Observations on Human Subject Subsisting Six Months on a 
Diet Extremely Low in Fat.* 


W. R. Brown, ArILp E. Hansen, InvINE McQuarrie AND G. O. 
Burr. 


From the Departments of Botany and Pediatrics, University of Minnesota. 


Although it has been established that the animal organism is 
unable to subsist on a strictly low fat regimen,” ’ relatively little is 
known concerning this type of diet as regards the human subject. 
The characteristic features found in rats reared on an extremely 
low fat diet as described by Burr and Burr" are scaliness of the feet 
and tail, early cessation of growth, hematuria and premature death. 
These animals also exhibit abnormal respiratory quotients. Burr 
and Burr? and Brown and Burr* have demonstrated the essential 
role of linolic acid as regards this deficiency syndrome. Von Gréer® 
following the work of Aran,® who had found that rats fed on fat- 
poor regimens failed to grow normally, maintained 2 infants on a 
diet practically free from fat for a period of several months. In the 
work of these investigators the vitamin factors were not controlled ; 
however, it is interesting to note that one of these infants developed 
an eczematous eruption. Holt’ recently found that one of 3 infants 
reared on a low fat diet developed eczema. No studies have been 
made on the adult human subject maintained on an extremely low 
fat diet for a prolonged period. 

A normal adult was maintained on a diet consisting of carefully 
skimmed milk, sucrose, potato starch, baking powder, sodium chlo- 
ride, orange juice, plus vitamin and mineral supplements, liquid 
petrolatum with anise oil and citric acid occasionally added for flav- 
oring for a period of over 6 months. The total fat consumed per 
day was about 2 gm. and consisted chiefly of butter fates dRatseted 


* Aided by grants from the Medical Research Fund of the Graduate School of 
the University and the National Live Stock and Meat Board. 

1 Burr, Geo. O., and Burr, M. M., J. Biol. Chem., 1929, 82, 345. 

2McAmis, A. J., Anderson, W. E., and Mendel, L. B., J. Biol. Chem., 1929, 
82, 247. 

3 Burr, Geo. O., and Burr, M. M., J. Biol. Chem., 1930, 86, 587. 

4 Brown, Wm. R., and Burr, Geo. O. Presented at American Chemical Society 
meeting, section Biological Chemistry, at Kansas City, Missouri, April 16, 1936. 

5 Von Groer, F., Biochem. Z., 1919, 97, 311. 

6 Aran, H., Biochem. Z., 1918, 92, 211. 

THolt, L. E., Jr., Tidwell, H. C., Kirk, C. M., Cross, D. M., and Neale, Ss 


J. Pediat., 1935, 6, 427. 
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on this diet developed the characteristic features of the fat deficiency 
syndrome of Burr and Burr’ in the usual length of time. The fol- 
lowing features were studied: Serum lipids using Bloor’s* methods 
and the pyridine sulphate dibromide method’ for iodine absorption 
capacity of the serum; arachidonic and linolic acid, using the same 
technique as described in the previous paper*’; blood and urine an- 
alyses using the routine clinical laboratory procedures; blood pres- 
sure, mercury manometer; basal metabolic rate, indirect method; 
respiratory quotients, closed-chamber method; periodic physical ex- 
amination by the same examining physician and careful notes on 
subjective symptoms by the experimental subject. 

The following observations were made: Serum lipids: No change 
was found in the level of the cholesterol or total fatty acids, but the 
iodine number of the serum fatty acids fell from an average of 122 
on normal diet to an average of 93 while on the fat-poor diet. This 
drop in the degree of unsaturation of the serum lipids confirms for 
the human subject the observation of several investigators*» *” ** on 
various types of animals. Arachidonic and linolic acids: Values of 
3.2% for arachidonic and 5.7% for linolic of the total fatty acids 
of the serum on normal diet compares with those found in pooled 
samples of blood from other normal subjects. There was a definite 
decrease in the content of both these acids on the low fat regimen, 
the values of 1.87% and 3.2% of the total fatty acids for arachi- 
donic and linolic acids respectively being found. This decrease in 
the content of these highly unsaturated fatty acids tends to confirm 
the previous finding of a drop in the iodine number of serum fatty 
acids on the low fat regimen. Blood and urine examinations: The 
hemoglobin and red cell count remained essentially the same through- 
out the study. There was a definite tendency to a leucopenia, the 
leucocyte count at one time being only 2,000. The differential 
count remained unchanged. The fasting blood sugar level and 
glucose tolerance curve remained normal. The urine remained 
normal throughout the study, microscopic hematuria being espe- 
cially watched for because of the finding of the bloody urine in rats 
~ 8Bloor, W. R., J. Biol. Chem., 1928, 77, 53. 

9 Yasuda, M., J. Biol. Chem., 1931, 94, 401. 

10 Brown, Wm. R., and Hansen, Arild E., Proc. Soc. Exp. Boy. AND MBED., 1937, 
36, 113. 

1 Hansen, Arild E., and Burr, Geo. O., Proc. Soc. Exp. Bion. AND MED., 1933, 
30, 1201. 

12 Williams, H. H., and Maynard, L. A., J. Dairy Sc., 1934, 17, 223. 


138 Hansen, Arild E., Wilson, W. R., and Williams, H. H., J. Biol. Chem., 1936, 
114, 209. 
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on this diet. Blood pressure: The average blood pressure reading 
was about 10 mm. of mercury less after having been on the special 
diet for about 4 months than either before or after the return to 
normal diet. Weight changes: There was a gradual decrease in 
weight for the first 3 months on the diet. Metabolism studies: 
Basal rates by the indirect method were run by the hospital tech- 
nician. Also, metabolic rates and respiratory quotients were found 
with a closed-chamber apparatus. With the former, rates of -11%, 
~11%, -2% were found, the highest value coming just before the 
low fat diet was abandoned. With the latter apparatus metabolic 
rates and R.Q.’s were found after starvation and during food utili- 
zation. Work with rats has shown that high metabolic rates, high 
dynamic action of food, and high respiratory quotients are to be 
expected when there is fat deficiency. The present studies showed 
no definite trend in metabolic rates (either before or after taking 
food), but higher respiratory quotients were encountered after the 
patient had been on the restricted regimen 6 months. These quo- 
tients were again lower 6 months after return to normal diet. The 
highest non-protein respiratory quotient (1.14) came in the sixth 
month on the diet. Eight months later the quotient under like con- 
ditions reached 1.01. Obyective clinical findings: There was no 
significant change in the physical condition of the subject through- 
out the course of the study. Physical examinations made following 
resumption of normal diet were essentially negative. Subjective 
findings: The most noticeable feature was the marked absence of 
fatigue. Migraine attacks, which had been occurring at 7- to 10-day 
intervals, ceased after the subject had been on the diet for about 6 
weeks. 
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Experimentally Altering Galactin Content of the Rat Pituitary. 


R. P. REEce AND C. W. TuRNER.* 


From the Department of Dairy Husbandry, Missouri Agricultural Eaperiment 
Station. 


In earlier communications we reported that the injection of the 
estrogens increased the galactin content of the male rat pituitary 


* Contribution from the Department of Dairy Husbandry, Missouri Agricul- 
tural Experiment Station, Journal Series No. 504. 
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gland and that the galactin content of pituitary glands taken from 
male rats castrated for 60 days was not altered. 

This report consists of further attempts experimentally to change 
the galactin content of the rat pituitary gland. Animals were paired 
upon the basis of body weight. At the close of the experimental 
period the control and experimental animals were sacrificed, their 
pituitary glands removed and assayed by injecting them over the 
crop glands of the same pigeons. The results are summarized in 
Table I. 

Ovariectomy brings about a definite decrease in the galactin con- 
tent of the pituitary gland. The injection of estrogenic hormones 
(theelin and Progynon-B+) into ovariectomized animals increased 
the galactin content of their pituitary glands over that of the ovari- 
ectomized, non-treated controls. It is interesting to note that the 
injection of 200 I.U. daily of Progynon-B brought about a greater 
increase in galactin content than did the daily injection of 1000 I.U. 
of Progynon-B. The mammary glands of the injected animals were 
quite extensive and well filled with secretion. Inasmuch as we have 
found that the pituitary glands of pregnant rats are somewhat lower 
in galactin than those of normal estrous cycle females and in light 
of the above observations it would seem that the estrogens do not 
cause a galactin storage or inhibition of galactin secretion during 
pregnancy. Theelin injections into castrated males increased the 
galactin content per pituitary gland but did not change the concen- 
tration of galactin per 1 mg. of fresh pituitary tissue, while theelin 
injections into normal males, 500 I.U. daily, increased the galactin 
content per pituitary gland as well as the concentration within the 
gland. 

+ The theelin and Progynon-B used in these experiments were kindly supplied 
by Dr. Oliver Kamm of Parke, Davis and Co., and Dr. E. Schwenk of the Schering 
Corporation, respectively. 
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Growth of Mammary Gland of Hypophysectomized Guinea Pig.* 
E. T. Gomez, C. W. TuRNER AND R. P. REECE. 


From the Department of Dairy Husbandry, Missouri Agricultural Experiment 
Station. 


In a previous note,! it was reported that estrogens were ineffective 
in stimulating the growth of the mammary gland of hypophysecto- 
mized guinea pigs. Similar results have since been obtained when 
estrogen and progestin were injected simultaneously. These obser- 
vations indicate either that the ovarian hormones stimulate the 
pituitary to the secretion of hormones which directly or indirectly 
cause the growth of the gland or require the supplementing effect 
of pituitary hormones to stimulate mammary gland growth. As the 
pituitary has been shown to stimulate the thyroid and adrenals, the 
products of these glands, thyroxine and adrenal cortical extracts, 
have been injected alone and in conjunction with estrogen into hypo- 
physectomized male guinea pigs with negative results. The lacto- 
genic as well as the thyrotropic and adrenotropic hormones of the 
pituitaries have also been tried without success. 

Encouraging results have been obtained in one preliminary experi- 
ment which will be reported in the present communication. Three 
hypophysectomized male guinea pigs each received one male rat 
pituitary implant daily for 20 days. The donor rats had received 
100 I.U. of estrogen (theelin in oilf) daily for 10 to 20 days before 
being sacrificed. The nipples of the guinea pigs showed gradual 
development and microscopic examination of the whole mounts of 
the mammary glands as well as sections revealed extensive alveolar 
development comparable with the extent of gland development in- 
duced by 20 daily injections of theelin into normal male guinea 
pigs. 

A fourth hypophysectomized male received 20 daily implants of 
male rat pituitaries from animals which had not received theelin 
injections. The nipple and duct system remained rudimentary. 
Completeness of hypophysectomy was checked in each animal by 
section of the sella. 

These observations appear to indicate that the route of action of 
the estrogens upon the mammary gland is by way of the pituitary. 


pe ee ee ee 
* Contribution from the Department of Dairy Husbandry, Missouri Agricul- 
tural Experiment Station, Journal Series No. 503. 


1Gomez, E. T., and Turner, C. W., Proc. Soc. Exp. Biot. AND Mpp., 1936, 
34, 404. 


+ Theelin was kindly supplied by Dr. Oliver Kamm of Parke, Davis and Co. 
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Oestrogenic Treatment of Hypophysectomized Male Mice.* 


E. T. Gomez, C. W. Turner, W. U. GARDNER AND R. T. HILL. 


From the Department of Dairy Husbandry, Missouri Agricultural Experiment 
Station, and the Department of Anatomy, Yale University School of Medicine. 


With increasing numbers of investigations on the effect of oestro- 
genic treatment of hypophysectomized animals 2 schools of thought 
seem to have arisen. Individual studies on hypophysectomized rats 
and guinea pigs’ * * seemed to show that in no case were the mam- 
mary glands able to respond to relatively large doses of female hor- 
mone. Other investigators*’ report that they could obtain normal 
mammary development even in the absence of the pituitary. One 
is at a loss to correlate these conflicting results, but it is hoped that 
this and future studies will help clarify the situation. 

Hypophysectomy of the mouse is carried out in much the same 
fashion as in the rat or guinea pig. The hardiness of some strains 
of mice allows them to stand the operation very well, and post- 
operative recovery offers no significant difference from that de- 
scribed for the rat. In the male, the gonads and accessories begin 
regression at once, and approach a static condition about a month 
after operation. Regardless of when oestrogenic injections are 
started in hypophysectomized mice, they do not tolerate this treat- 
ment well, and a majority succumb within 48 hours. For this 
reason the number of animals herein described is not large, but 
analysis of the data is considered significant. 

A total of 21 hypophysectomized mice were treated with various 
types of oestrogenic hormone. Of these animals 10 were later 


* Contribution from the Department of Dairy Husbandry, Missouri Agricul- 
tural Experiment Station, Journal Series No. 484. This work has also been sup- 
ported in part by grants from the Fluid Research Funds of Yale University School 
of Medicine to Robert T. Hill. 

1 Lyons, W. R., and Pencharz, R. I., Proc. Soc. Exp. Biot. AND MED., 1936, 
33, 589. 

2 Gomez, E. T., and Turner, C. W., Proc. Soc. Exp. Biot. aND Mep., 1936, 
34, 320. 

3 Reece, R. P., Turner, C. W., and Hill, R. T., Proc. Soc. Exp. Brot. AND MED., 
1936, 34, 204. 

4 Nelson, W. O., Proc. Soc. Exp. BIoL. AND Mpmp., 1935, 33, 222. 

5 Ruinen, F. H., Acta Brevia Neerl., 1932, 2, 161. 

6 Freud, J., and De Jongh, S. E., Acta Brevia Neerl., 1935, 5, 47. 

7 Asdell, S. A., and Seidenstein, H. R., Proc. Soc. Exp. Brot. AND Mep., 1935, 


32, 931. 


288 Mammary GLAND GROWTH HyPpoPHYSECTOMIZED MICE 


found to be completely hypophysectomized. In most of the animals 
the base of the skull was serially sectioned, and in some the remain- 
ing fragments were calculated on 3-dimension volumetric measure- 
ments. Ate 

Recently Hill and Gardner* have shown that small remaining 
fragments of anterior lobe will not maintain the gonads in either 
male or female hypophysectomized mice. Unpublished data ( Hill 
and Gardner) show that in hypophysectomized male mice bearing 
ovarian grafts, the addition of a pituitary graft will allow growth of 
the mammary glands. The results now under discussion confirm 
these observations. Two animals, 4 and 44, retained 2 and 8% of 
the pituitary respectively, the fragments containing all 3 parts of the 
original gland. In the remaining incompletely hypophysectomized 
animals volume measurements were not made. The testes of these 
same 2 animals were very much regressed, as shown by tubule 
diameter and the condition of the accessory sex glands. It will also 
be noted that the adrenal cortex had undergone much involution as 
indicated by its reduced thickness. Gardner® has shown that female 
hormone will cause the replacement of the bony pubic symphysis by 
a ligament. In 3 of the cases reported in this paper, the same reac- 
tion had taken place, although the pituitary was completely absent. 

Absolutely no mammary response was obtained by the treatment 
in those animals which were completely hypophysectomized. How- 
ever, if even so small an amount as 2% of the pituitary remained 
intact, part of which was intermediate and posterior lobes, the mam- 
mary response was very good. The response obtained was essen- 
tially the same as that found in intact animals. Therefore in mice 
we may consider that some part of the anterior pituitary is essential 
to mammary response by theelin treatment. Our experience leads 
to the suggestion that in some types of experiments, especially those 
in testing oestrogenic hormone response on mammary glands, it is 
absolutely essential to know, by stained serial sections, just how 
much of the pituitary may remain intact. Small remaining frag- 
ments cannot be seen in fresh material, even with the aid of a low 
power dissecting microscope. It is certain that in dealing with an- 
terior pituitary physiology, one must consider the fragment as well 
as the whole gland. 


Summary. In completely hypophysectomized male mice, treated 
with female hormone, the mammary gland rudiments do not respond. 

8 Hill, R. T., and Gardner, W. U., Proc. Soc. Exp. Bion. AND MEp., 1936, 
34, 78. 

9 Gardner, W. U., Proc. Soc. Exp. Bion. AND Mep., 1935, 38, 104. 


MAMMARY GLAND GROWTH HyPoPHYSECTOMIZED Mice 289 


‘q-WM10joIs9Q — “G’'O }{*(snoenbe) ulpooyy, = “WL 


+110 UE UtpeetL — Ob 


}q-wousSo1g = "gq'd 


SHIM 9-¢ 
9800'T 096-0F6 [BULLO NT OTc-06T 66 ILV G6S cc OST G3 
66 36 OSeT “HO 0S GS ST 
6 a O0O00T cc OS 03 él 
‘6 6c 000T oo OS 03 II 
6“ 6“ O000T “VL OS 06 OT 
66 6 000T ce OG 03 6 
a 66 OO00T «cc OG 06 9 
66 6s 0O00T cc OG 06 g 
6c ‘6 000€ ce OG 09 € 
pooy s}uemseij poinsvewun (00T ‘a'd 0g 0Z I 
6 0 OS6T cc OS G3 FL 
« 0 OOOT “d'O 0G 03 €T 
6 0 OOOT cc OS 06 8 
6 0 OO00T ‘O'L 0S 06 L 
6c 0 00ST “ad 0S 0€ 6 
66 GST-SFT 66 08-02 ouoN 0 O0O00T cc =0S6 83 cP 
6 66 06-S8 poop 8 0008 ce 00S 8é tPF 
6 7: 0 0006 «« 096 93 eF 
OST-OFL 6 08-02 66 0 O0O00T cc 0G 86 oP 
a800'T OST-OFT 6 OOT-06 ‘6 0 00S cc 088 Il IP 
UO N 0 OST cc OST 8 9T 
“48CC 0OL-06 poop 6 006 ‘dO OST FIL ¥ 
stishydudg (suororut) solos  (suodtorur)  osuodso. % [eyo Ayvep “0 'T Ayyoom "QT payoofut ‘ON 
XO}L00 -8000V ‘uvip = Arewureyy qyory ATVI se skeq 
[eworpe ornqnyy, 


SSOUYOLY TL, 


T aTavil 


290 SAPONIN AND DIGITONIN ON ENZYME ACTION 


The gonads, accessories and adrenal cortex undergo regression re- 
gardless of the female hormone present. The resorption of the 
pubic symphysis does not depend on the presence of anterior lobe 
material. A small fragment of prehypophysis enables the adminis- 
tered female hormone to induce growth of the mammary gland. 
Such a small pituitary fragment permits regression of the gonads, 
accessories and adrenal cortex. Caution must be urged in use of 
the term “physiologically hypophysectomized” animals. 
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Effects of Saponin and Digitonin on Lipase and Phosphatase 
Action. 


BERNARD S. GouLp. (Introduced by J. W. Williams. ) 


From the Department of Biology and Public Health, Massachusetts Institute of 
Technology, Cambridge.* 


In the course of the investigation of the effects of various snake 
venoms on lipolytic action controls were run to determine whether 
any of the observed effects might be due to the decreased surface 
tension caused by the venoms. Two of the agents so employed 
were “purified” saponin, Merck, and Hoffman-LaRoche digitonin. 
The following communication is a report on the rather interesting 
observation that the former markedly inhibits the activity of pan- 
creatic lipase but inhibits the lipase activity of blood only slightly, 
while digitonin in very low concentrations increases the lipolytic 
action of pancreatic lipase and has little or no effect on blood lipase 
action. That the activity in each case seems to be due to some 
factor apart from the effect on surface tension is indicated by the 
fact that both of these reagents are very powerful surface tension 
depressants. The inability of both to show the same marked effects 
on blood lipase seems to indicate that they are inactivated or re- 
moved by some constituent in blood serum. It is likely that the serum 
cholesterol combines with the saponin or the digitonin to form a 


very slightly soluble digitonide, thus removing the inhibiting or 
stimulating factor. 


+ Theelin was kindly supplied by Dr. Oliver Kamm of Parke, Davis and Co., 
and progynon-B by Dr. Schwenk of Schering Corp. 

* Contribution No. 89 from the Department of Biology and Public Health, 
Massachusetts Institute of Technology, Cambridge, Mass. 
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Lipolytic activity was determined by the method of Sure, et al.,’ 
with olive oil as the substrate and gum arabic, U.S.P., as the pro- 
tective colloid. The enzymes employed were serum from fresh 
defibrinated horse blood, Eimer & Amend Lipase ‘‘pure’’, and Difco 
steapsin. The saponin solution contained 5 mg./cc.; lipase, 2.5 
mg./cc.; steapsin, 2.5 mg./cc.; digitonin solution prepared accord- 
ing to the method of Schoenheimer and Sperry,’ 1.4 mg./cc. The 
amount of lipolytic action was determined after 24 hours at 37° by 
titration with N/100 NaOH in alcoholic solution, using phenol- 
phthalein as an indicator. The increase in acidity between 0 time and 
24 hours is taken as a measure of activity. The results are tabulated 
as cc. of N/100 alkali used. 

Tables I and II give the results of a few typical runs illustrating 
the relative effects of saponin inhibition and digitonin acceleration. 


TABLE I. 
Effects of Different Concentrations of Saponin on Blood and Pancreatic Lipase. 


Saponin Blood Lipase* Eimer-Amend Lipase Steapsin 
(ec. N/100 NaOH used) 
0.0 4.2 12.45 1.80 
0.5 4.1 8.65 0.35 
1.0 4.0 7.95 0.10 
2.0 4.1 6.85 0.10 
3.0 3.9 6.25 0.10 
4.0 4.0 5.59 0.05 
5.0 3.4 4.50 0.10 


Final volume, 10 cc. 


#1.0 ee. blood serum used or 1.0 ce. 0.25% enzyme sol. 


TABLE II. 
Effects of Different Concentrations of Digitonin on Blood and Pancreatic Lipase. 
Digitonin Blood Lipase Eimer-Amend Steapsin 
(mg.) (2 ee. used) Lipase (at 20°) 
(ce. N/100 NaOH used) 

0.0 10.6 8.1 0.6 

0.7 10.6 5.8 0.6 

1.4 10.5 11.0 1.0 

2.8 10.6 14.5 isi 

4.2 10.4 15.1 1.9 


Final volume, 10 ce. 


From these results it can be concluded that Merck’s saponin 
“purified” shows marked inhibiting powers toward pancreatic lipase, 
while digitonin shows marked accelerating action. The effects are 
not apparent with blood lipase except when very high concentrations 
are used, which seems to indicate that blood cholesterol precipitates 


1 Sure, B., Kik, M. C., and Buchanan, K. S., J. Biol. Chem., 1935, 108, 27. 
2 Schoenheimer, R., and Sperry, W. M., J. Biol. Chem., 1934, 106, 745. 
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the saponin, but after the cholesterol is exhausted inhibition is ap- 
parent. ; 

Effect of Saponin on Phosphatases. The effects of saponin on 
blood phosphatase as well as on partially purified fecal, upper and 
lower intestinal phosphatase (kindly supplied by Dr. Harris of these 
laboratories) were determined. The method of determination was 
that suggested by Bodansky* and the inorganic phosphate liberated 
was estimated by the method of Fiske and Subbarrow.* As much 
as 15 mg. of saponin in 10 cc. of reacting mixture caused no inhi- 
bition of any of the phosphatase preparations used. It appears, 
therefore, that phosphatase activity is not appreciably influenced 
either by the action of saponin or the highly reduced surface tension 
of the reacting mixture solution. 
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Cholesterol and Fatty Acids in Blood Plasma of Male and 
Female Rats. 


Harotp H. WILiiams,* JAMES MELVILLE AND WILLIAM E. 
ANDERSON, 
From the Laboratory of Physiological Chemistry, Yale University. 


In the course of an investigation of cholesterol metabolism in the 
rat, a survey of the literature indicated a paucity of knowledge con- 
cerning the normal fluctuations of blood cholesterol in this species. 
The present communication deals with such values in normal adult 
albino rats of both sexes. Inasmuch as there is a large residue of 
free cholesterol in the erythrocytes, a circumstance essentially vitiat- 
ing the determinations on whole blood, the necessity of using 
plasma or serum should be emphasized. 

The rats used in this study were breeding stock and were of the 
Osborne and Mendel strain obtained from the Connecticut Agricul- 
tural Experiment Station. The females were not used until one 
month or more had elapsed after weaning of litters. All animals 
were fed a stock diet which includes a mixture of 97% G.L.F. 
calf meal" and 3% cod liver oil. During the lactation period the 

3 Bodansky, A., J. Biol. Chem., 1933, 101, 93. 

4 Fiske, C. H., and Subbarrow, Y., J. Biol. Chem., 1925, 66, 387. 

* Sterling Fellow (1933-35). 

+ Commonwealth Fellow (1934-36). 

1 Maynard, L. A., Science, 1930, 71, 192. 
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females received in addition, a paste food consisting of whole milk 
powder 25%, casein 25%, wheat germ 20%, and lard 30%. The 
food was removed approximately 15 hours before killing the 
animals. 

Under ether anesthesia, the blood was drawn from the abdominal 
aorta into oxalated centrifuge tubes. All blood samples were secured 
within 5 minutes after the animal was anesthetized. Promptness 
in obtaining blood samples is necessary as is emphasized by the 
results of Mahler? who showed a definite rise in blood cholesterol, 
after 5 to 7 minutes, proportional to the duration of the anesthesia. 
With few exceptions 4 cc. or more of plasma were obtained from 
each animal; the plasma of 2 rats was combined in cases where it 
was impossible to obtain a volume of 4 cc. from an individual ani- 
mal. The plasma was extracted with alcohol-ether (3:1) mixture 
and the precipitated protein washed with portions of boiling ethyl 
ether to insure complete extraction of the cholesterol. Total lipids 
were determined by Bloor’s oxidative procedure.* The total and 
free cholesterol were determined by Okey’s method of oxidiz- 
ing the cholesterol digitonide as outlined by Boyd,* with an addi- 
tional modification which will be described in a later publication. 

In Table I are presented the concentration of the fatty acids in 
the plasma, and the percentage of free cholesterol in total choles- 
terol. The concentrations of the various cholesterol fractions are not 
reported in view of the work of Sperry and Schoenheimer,® which 
was recently published. According to these investigators oxalated 
blood plasma contains significantly smaller amounts of total and free 
cholesterol than either serum or heparinized plasma. However, they 
state that the total and free cholesterol are reduced in the same pro- 
portion. Therefore, it appears that the use of oxalated plasma has 
not affected the present results with respect to the relation of free 
and combined cholesterol. 

Whereas in male rats, the free cholesterol in total cholesterol 
averaged 32%, with a range of 23 to 49%; in female rats the aver- 
age value was 30% with a range of 20 to 38%. The average con- 
centration of fatty acids in the plasma of the male rats was found 
to be 121 mg. per 100 cc. with an individual variation of 87 to 183 
mg. per 100 cc.; and in the plasma of the female animals an aver- 
age value of 150 mg., with a variation of 122 to 186 mg. per 100 cc. 


2 Mahler, A., J. Biol. Chem., 1926, 69, 653. 

3 Bloor, W. R., J. Biol. Chem., 1928, 77, 53. 

4 Boyd, E. M., J. Biol. Chem., 1933, 101, 323. 

5 Sperry, W. M., and Schoenheimer, R., J. Biol. Chem., 1935, 110, 655. 
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The relation of the cholesterol in the free state to that combined 
as ester appears to be the same in both the female and male animals, 
and is similar to that reported for human subjects,° although the 
concentration of total cholesterol in the plasma of rats is only 
approximately one-half that found in human subjects. The values 
for fatty acids indicate a higher concentration in the plasma of 
breeding female rats than in male animals. 
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Phage-Specific Heat-Labile Factors in B. dysenterie Sonne. 


PuHILIp LEVINE* AND Davip PERLSTEIN. 
From the Division of Laboratories, Beth Israel Hospital, Newark, N. J. 


It was previously reported* that from a certain multivalent Shiga 
phage, most Sonne strains absorbed distinctly but only the rough 
fraction, 7. ¢., detectable only when a rough Shiga strain or a sus- 
ceptible Sonne strain was employed in the test for residual phage. 
In these and earlier experiments’ the bacteria were heated for 2 
hours at 70°C. 

Subsequent studies were then made with phages derived from 
chicken-stools and propagated with Sonne organisms. Although 
these phages gave equally strong reactions on all (15) Sonne cul- 
tures available, curiously enough none of our strains heated to 70°C. 
showed distinct absorptive effects. This result seemed to indicate 
the presence of heat-labile factors. So, we compared organisms 
heated at 56°C. and at 85°C. for one hour. Absorption was ob- 
tained only with some strains subjected to the milder degree of heat. 
The nature of absorbing and non-absorbing strains could not be 
correlated with the above-mentioned differences in ability to absorb 
the rough fraction of the Shiga phage, nor with the quality of 
smoothness or roughness, nor with the direct titer. Indeed, from 
one of the absorbing strains, smooth and rough variants were ob- 
tained and both exhibited thermal lability. 

In view of the stability to formalin of heat-labile antigenic 
(flagellar antigens) and/or phage-specific factors (V. antigen of 


6 Sperry, W. M., J. Biol. Chem., 1936, 114, 125. 

* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 

1 Levine, Philip, and Beerman, P., J. Immunol., 1936, 30, 377. 

2Levine, Philip, and Frisch, A. W., J. Inf. Dis., 1935, 57, 104. 
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B. typhosus (Craigie)*), absorptions were made with formolized 
strains.t Thus treated, only the strains that possessed the heat- 
labile factor absorbed from the Sonne phage and they were just as 
effective as the bacteria heated at 56°C. 

These observations on the Shiga and Sonne phages indicate that 
while thermostable Sonne factors are involved in reactions with 
the former phage, the latter (homologous) phage reveals heat-labile 
bacterial components. 

The Sonne phage reacted intensely also on a small number of 
strains of B. dysenterie Flexner, but suitable absorptive tests failed 
to reveal the presence of corresponding fractions of phage. The 
absorbing surface of one sensitive Flexner strain studied in its rela- 
tion to the Sonne phages, in contrast to the absorbing Sonne strains, 
was found to be thermostable. 

Although both Shiga and Sonne phages are capable of lysing a 
number of Sonne strains, they differ strikingly in thermal stability. 
After the Sonne phage was heated at 65°C. for one-half hour, its titer 
for the homologous Sonne culture and the susceptible Flexner strain 
was reduced from 10° to 10°; after 4 hours at 65°C. the residual 
titer on both organisms was 107, and no lysis whatever could be 
demonstrated after 5 hours’ heating. In contrast, even after 5 hours 
at 65°C. the titer of the rough fraction of the Shiga phage on either 
Sonne or rough Shiga strains was hardly affected. 
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Cobalt Content of Iron Compounds and Its Possible Relation 
to Treatment of Anemia. 


E, J. UNDERWoop.* (Introduced by E. B. Hart.) 


From the Department of Agricultural Chemistry of the University of Wisconsin, 
Madison. 


The physiological importance of cobalt has taken on greatly in- 
creased significance due to recent work in Australia and New 
Zealand demonstrating its value in the treatment of certain fatal 
diseases of sheep and cattle, which are characterized by progressive 


3 Craigie, J., and Brendon, K. F., J. Path. and Bact., 1936, 48, 233. 

+ The formolized bacteria were washed several times with distilled water to 
remove free formalin which inhibits phage action. 

* Commonwealth Fund Service Fellow. On leave from the Department of Agri- 
culture, Western Australia. 
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emaciation and anemia. Marston and Lines reported success in 
curing “coast disease” of sheep in South Australia with doses of 
cobaltous nitrate supplying 1 mg. cobalt daily. Marked improve- 
ment in the live-weight, appetite and the anemic condition of affected 
animals followed the cobalt treatment. In the same year Under- 
wood and Filmer,’ working in Western Australia showed, by a frac- 
tionation method, that limonite (Fe.O;.H.O) owed its potency in 
the cure of “enzootic marasmus” of cattle and sheep to its cobalt 
content. They had previously shown (Filmer and Underwood’ ) 
that its potency was not related to its iron content, since an iron- 
free fraction proved as effective as whole limonite. These workers 
showed further? that the disease in sheep could be cured with doses 
of cobalt chloride supplying as little as 0.1 mg. cobalt daily, and 
suggested that cobalt must be regarded as an essential element in 
animal nutrition. Marked increases in growth and improvement in 
the blood picture followed even this minute dosage with cobalt 
chloride. Filmer and Underwood‘ have fully confirmed these find- 
ings for sheep and have extended them to include affected cattle 
which respond to doses of cobalt chloride supplying only O:3.ton le O, 
mg. cobalt daily. They also report the interesting finding that the 
therapeutic action of sub-optimal doses of cobalt chloride was im- 
proved by the addition of traces of nickel. 

Finally Askew and Dixon,’ following on the above results, showed 
that the potency of the iron compounds used successfully in the 
treatment of “bush-sickness” of sheep in New Zealand was due to 
their cobalt content and reported success with minute doses of co- 
balt salts without added iron. 

In view of these results it seemed likely that cobalt might be a 
very general contaminant of iron compounds, a factor of possible 
significance in the treatment of certain anemias where massive doses 
of such compounds are commonly used. Accordingly, a preliminary 
survey of a number of iron compounds, as found in this laboratory, 
was undertaken to ascertain their cobalt contents. 

After separation of the iron as ferric chloride by continuous ex- 
traction of a strong hydrochloric acid solution of the iron com- 
pound with ethyl ether in a Kutcher-Steudel type of apparatus, cobalt 
was determined colorimetrically by the method of Kidson, Askew 


ie te ee eee 
1 Marston, H. R., aand Lines, E. W., Aust. J. Council Sci. and Indust. Res., 
1935, 8, 111. 
2 Underwood, E. J., and Filmer, J. F., Aust. Vet. J., 1935, 11, 84. 
3 Filmer, J. F., and Underwood, E. J., Aust. Vet. J., 1934, 10, 83. 
4 Filmer, J. F., and Underwood, E. J., Aust. Vet. J., 1937. In press. 
5 Askew, H. O., and Dixon, J. K., N. Z. J. Sci. and Tech., 1936, 18, 73. 
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and Dixon. Duplicate determinations and recovery tests with 
added cobalt showed this method to be particularly adapted to the 
type of materials being analyzed. No losses of cobalt were exper- 
ienced during the extraction of the iron. 

The results are given in Table I. They are expressed as parts 
per million of whole material and as parts per million of iron. 


TABLE I. 
Cobalt Content of Iron Compounds. 
Cobalt Cobalt 
ppm. whole ppm. of 
Compound material Fe 
Ferric chloride USP (1) 41 119 
eM he USP (ii) 22 64 
Iron wire (On Be 40 40 
Ferrous chloride A.R. 13 47 
ag carbonate CaP. 22 45 
4 ammonium sulfate CrP: 2 14 
cfd ae st A.R. 14 98 
Tron and ammonium citrate (3) 3 18 
a? »” bi) thes (41) 16 96 
2? 9 fee %? (iii) ihe 72 
Ferric pyrophosphate (i) 0.4 2.3 
m2 iY (ii) 0.5 2.9 


Though the number of materials analyzed is quite small, it is evi- 
dent from the selection given that cobalt must be considered a very 
general contaminant of all common iron compounds. The amount 
present varies tremendously according to the source of the material 
and may apparently bear no relation either to the chemical nature 
of the compound or to its “grade” of purity in the ordinary chemical 
sense. 

Whether this contamination with cobalt has any physiological 
significance where iron compounds are used therapeutically (other 
than in diseases of sheep and cattle previously mentioned) is not at 
present known. This can only be ascertained by proper experimen- 
tation. It is suggested, however, that the presence of these traces 
of cobalt may have a more significant effect than has been recognized 
previously. This possibility is enhanced not only by the extremely 
small amounts of cobalt found to be potent in animal metabolism? 4 
and its known stimulative effect on the hematopoietic functions as 
evidenced by the production of polycythemia in the rat,” *® but also, 


6 Kidson, E. B., Askew, H. O., and Dixon, J. K., Ibid., 1936, 18, 601. 
7 Waltner, A., and Waltner, K., Klin. Woch., 1929, 8, 313. 


8 Orten, J. N., Underhill, F. A., Mugrage, E. R., and Lewis, R. C., J. Biol. 
Chem., 1932, 96, 11. 
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in the hypochromic anemias of man, by the massive doses of iron 
compounds used.* *° 

The reasons underlying the necessity for such massive doses of 
iron have been the subject of speculation for some time. The pos- 
sibility that contaminants play a significant part has been suggested 
by Sheldon and Ramage,”* and others, while Heath, Strauss and 
Castle,’? Fullerton,** and Witts* suggest, as a result of their experi- 
ments, that the primary factor governing the dosage of these com- 
pounds is their capacity to undergo absorption in the intestinal tract. 
This is said to be governed normally by their solubility and ability 
to yield free ferrous ions. Though the paramount importance of 
iron deficiency in the hypochromic anemias can hardly be denied, it 
is difficult to explain some of the phenomena associated with their 
treatment entirely on this basis. The “threshold phenomenon” 
mentioned by Witts’* may be cited as an instance. In this connection 
the recent work of Brock and Hunter’ is of decided interest and 
would seem to eliminate poor absorption as the explanation of the 
large doses required. These workers conducted iron balance ex- 
periments which showed that, though the iron in ferric ammonium 
citrate and Blaud’s pill was poorly utilized to form hemoglobin, it 
was readily absorbed and was retained in the body in considerable 
amounts. It is evident that low utilization in hemoglobin formation 
does not necessarily imply low absorption in the intestinal tract. In 
commenting on these results Brock”® suggests that the massive dos- 
age may be necessary either to supply essential elements which may 
contaminate the iron compounds or to facilitate the absorption of 
other materials in the intestinal tract. This latter suggestion seems 
rather unlikely in view of the fact that large amounts of iron are 
known actually to decrease the absorption of some elements, e. g., 
phosphorus. 

Summary, A selection of common laboratory compounds of iron 
has been analyzed and found to contain significant, though extremely 
variable, quantities of cobalt. The possible significance of this 
finding in the treatment of certain types of anemia is discussed. 

9 Sargent, W., Lancet, 1932, 222, 230, 1322. 
10 Witts, L. J., Proc. Roy. Soc. Med., 1931, 24, 543; 1933, 26, 607. 


11 Sheldon, J. H., and Ramage, H., Quart. J. Med., 1932, 1, 135. 

12 Heath, C. W., Strauss, M. B., and Castle, W. B., J. Clin. Invest., 1932, 11, 
1293. 

13 Fullerton, H. W., Edin. Med. J., 1934, 41, 99. 

14 Witts, L. J., Lancet, 1936, 280, as 

15 Brock, J. F., and Hunter, D., Quart. J. Med., 1937, 6, 5. 

16 Brock, J. F., Brit. Med. J., 1937, 18, 314. 
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Leucocytosis of Parturition.* 


Etpon M. Boyp, G. W. BLENKINsop AND GorDON MYLKS, JR. 


From the Department of Obstetrics, Queen’s University, Kingston, Canada. 


The object of the present investigation was to ascertain if the in- 
creased numbers of leucocytes mobilized into the blood of pregnant 
women during labor were different chemically, and hence probably 
immunologically, from leucocytes already present. For this purpose, 
the lipid composition of the white blood cells was determined early 
in labor and again just before applying anesthesia prior to delivery. 
As previously demonstrated, changes in lipid composition may be 
taken as evidence of changes in physiological activity of leucocytes. 
A demonstrable increase in the activity of blood leucocytes during 
labor would indicate that the leucocytosis of labor is a valuable de- 
fence mechanism against infection during delivery. No significant 
change in the lipid content of the white blood cells at this time would 
suggest that the leucocytosis is probably a coincidental phenomenon 
secondary to the muscular exercise of parturition. Evidence herein 
reported tended toward the latter view. 

A study was made of 14 patients from the obstetrical service of 
the Kingston General Hospital. A sample of blood was taken as 
soon as labor had definitely begun and as early in labor as possible. 
A second sample of blood was taken just before anesthesia prior to 
delivery. Both samples were heparinized and a complete blood 
count, differential leucocyte count and the lipid content of the white 
blood cells determined on each. The method of separating and an- 
alyzing the white blood cells has been described.2 The average 
length of time between the first and second samples of blood was 10 
hours, the shortest interval was 3 hours and the longest was 25 
hours. The patients were in all respects normal parturients, 8 being 
primiparous and 6 multiparous. 

The average total leucocyte count in early labor was 7,100 cells 
per cmm., the lowest being 4,300 and the highest 10,000. The aver- 
age total count at the end of labor and before anesthesia was 8,000, 
the lowest count being 5,700 and the highest 11,200. The average 
increase was 1,700 cells with a standard deviation of 1,060 cells. 
There occurred a leucocytosis in every instance, a leucocytosis which 
 * This work was aided financially by the Alice F. Richardson Fund of the 
Kingston General Hospital. 


1 Boyd, E. M., Surg. Gynecol. and Obstet., 1935, 60, 205. 
2 Boyd, E. M., and Stevenson, J. W., J. Biol. Chem., 1937, 117, 491. 
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was statistically significant and averaged approximately an increase 
of 24% in the number of white blood cells. There was no signifi- 
cant change in the differential count between early and late labor. 

A statistical summary of the lipid values is presented in Table I. 
The average value in early and late labor, the average difference and 
the standard deviation of the average difference are shown. Stand- 
ard deviation was calculated by means of a formula previously 
used.” The lipid content of the blood leucocytes was found lower, 
on the average, in these pregnant women than in non-pregnant 
women, confirming previous studies.’ 


TABLE I. 
The Lipid Content of the White Blood Cells in Late Compared with Early Labor. 
Aver. Aver. Standard 
Early Late Aver. Deviation 
Value Value Difference of Difference 
Value mg. % mg. % mg. % mg. 
Total lipid 968 1057 +89 338 
Neutral fat 140 170 +30 158 
Total fatty acids 555 645 +90 217 
7? cholesterol 214 243 +29 57 
Ester #4 49 57 + 8 33 
Free ad 165 186 +21 60 
Phospholipid 583 669 +86 218 


In the majority of instances there were small increases in the 
lipid values during labor. On the average all of the lipid values were 
slightly increased. But variations were so marked that it was im- 
possible to conclude that parturition had any significant effect on the 
lipid content of the leucocytes. All of the average increases were 
within the range of the experimental error of the method.* 

Since there is no marked change, if any, in the lipid composition 
of the blood leucocytes during parturition, there is probably no 
change in their individual physiological activity. Any increased 
resistance to infection conferred on the parturient woman by the 
leucocytosis of labor must be due to increased numbers of leucocytes 
or to increase in the opsonic power of the serum and not to more 
active leucocytes. 

Summary. No significant change occurred in the lipid composi- 
tion of the white blood cells of 14 patients during parturition, sug- 
gesting that the leucocytosis of parturition is not accompanied by 
the mobilization into the blood of a more active type of white blood 
cell. 


3 Boyd, E. M., Surg. Gynecol. and Obstet., 1934, 59, 744. 
4 Boyd, E. M., J. Lab. and Clin. Med., 1936, 21, 957. 
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Alleged Influence of Glycerine and Diethylene Glycel upon 
the Irritating Qualities of Cigarette Smoke. 


Haratp G. O. Hock anp A. J. CARLSON. 
From the Department of Physiology, University of Chicago. 


Mulinos and Osborne’ have reported that the addition of small 
amounts of glycerine (1 to 5%) to cigarette tobacco definitely in- 
creases the irritation by the smoke, while the addition of similar 
amounts of diethylene glycol markedly decreases this irritation. 
For criteria they used the degree and duration of edema and redness 
produced in the mucous membrane of the rabbit eye after instilling 
into the conjunctival sac water presumably saturated with cigarette 
smoke. This method is not quantitative. Flinn? has since reported 
that in patients suffering from irritation associated with the smoking 
of cigarettes (coughing, irritation of the tongue, congested pharynx 
and larynx) such conditions were cured or improved by smoking 
cigarettes containing diethylene glycol. Prompt return of the throat 
congestion occurred in 80% of the cases when glycerine was substi- 
tuted for diethylene glycol, and in nearly all cases the tongue condi- 
tion returned with this change. This method is also not quan- 
titative. 

It is known that within physiological limits irritation of the mu- 
cous membranes of the mouth gives rise to increased salivation. 
Tobacco smoke is an irritant known to stimulate salivary flow. If 
glycerine added to tobacco increases the irritating properties of the 
smoke, one would expect a greater flow of saliva from the smoking 
of tobacco treated with this hygroscopic agent, and if diethylene 
glycol markedly decreases the irritative properties, the reverse 
would be expected. With these considerations in mind, experiments 
were undertaken to measure the salivary responses of 28 persons 
(26 men, 2 women). This method of measuring the degree of 
irritation caused by smoke was employed because the buccal cavity 
is normally the place of entrance of tobacco smoke, and because it 
gives an objective quantitative measurement. 

Thirteen one-hour tests were conducted upon each human subject ; 
the first one acquainted the person with the procedure, but was not 
included in the final calculations. Each experiment consisted of 4 
parts in this order: (1) 13 minutes of light reading while sitting in 


1 Mulinos and Osborne, Proc. Soc. Exp. Bron. AND MED., 1934, 32, 241. 
2 Flinn, Laryngoscope, 1935, 45, 149. 
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a comfortable chair, at the end of which time any accumulation of 
saliva was removed from the mouth by a Dewitt dental saliva ejector 
and discarded; (2) 15 minutes of similar reading while saliva was 
being collected; (3) 15 minutes of puffing through a short resin or 
glass cigarette holder, each draw lasting 2 seconds and each exhala- 
tion about the same, a puff every half-minute, while in the interim 
the saliva was being collected continuously; (4) a final 15 minutes 
the same as under (2). The removal of saliva at the end of part 
(1) served also to moisten the inner walls of the collecting tube, in- 
suring the smooth flow of saliva from the mouth to the 30 cc. grad- 
uated centrifuge tube. At all times during the collection the subject 
sat with head inclined forwards at an angle of about 45° so that 
the saliva would flow to the point of insertion of the ejector. 

The apparatus used in these experiments of the salivary ejector 
connected with a short piece of pressure tubing with the measuring 
tube; suction was provided by a water suction pump, and a trap was 
inserted to catch any back-flow of water. The ejector and the cigar- 
ette holder were cleaned with boiling water between tests. 

The tests upon each subject were run at the same time of day and 
under quiet conditions. It was agreed upon that there would be no 
smoking on the day of a test before the trial. There was no knowl- 
edge on the part of subject or experimenters as to the contents of 
the cigarettes. If during a test there occurred any mishaps, the 
results of that trial were discarded and another test substituted on 
another day. The 3 kinds of cigarettes used were made from the 
same tobacco, but one contained only tobacco, a second tobacco con- 
taining 2.61% of glycerine, and the third tobacco with 2.249% di- 
ethylene glycol, according to determinations made by the Miner 
Laboratories. 

We classified the subjects into 3 groups based upon the amount 
of tobacco they were accustomed to smoke under ordinary circum- 
stances. There were about equal numbers of non-smokers, of light 
and moderate, and of heavy smokers; an explanation of the latter 
3 terms is given in Table I. 

The average responses of the 28 subjects to the 3 kinds of cigar- 
ettes agreed very closely, so that there was not the slightest indica- 
tion that one cigarette was more irritating than another. That the 
smoke did stimulate salivation is seen in the fact that smoking 
evoked an average of 50% greater flow of saliva than the puffing 
of air. Considering the averages for each of the 3 sub-groups, the 
variations are naturally greater, but in none are there significant 
differences in the response to the 3 tobaccos; very large variations in 
resting and in stimulated saliva are seen among individual subjects. 
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In 8 of these people the glycerine-treated cigarettes evoked the 
greatest average response (stimulated saliva minus pre-control 
saliva), 12 times the cigarettes containing tobacco alone caused the 
most salivation, and in 8 persons the highest response followed the 
smoking of diethylene glycol-treated cigarettes. Here again there is 
no evidence that either of the treated cigarettes was more irritating 
than the other. 

In order to determine to what extent these cigarettes are capable 
of classification as to irritating qualities in ordinary smoking we dis- 
tributed among 29 students and research workers the 3 kinds of 
cigarettes previously described. Every subject received 3 envelopes 
containing 3 of the same kind of cigarette in each and was told to 
classify the smokes according to the 5 headings given in Tabie II. 

TABLE II. 

Classification of cigarettes based on the opinions of 29 subjects These persons 

tried each kind of cigarettes thrice but had no knowledge of the contents of the 


cigarettes. G—glycerine treated cigarettes. D—diethylene glycol treated cigar- 
ettes. T—cigarettes with tobacco only. 


Very Very 
Name Irritating Irritating Medium Mild Mild 
JD Gal Ca DED SD eG 
AM Tae CGuGeGateD aD) 
HS (Gr (Ep Mv 1D) 3D) Gaia theL 
YO Go ser ay iD) 1D) 3B) Carat 
WmS GuGa Gp a 1b DD 
DM ah 8) GUN 1D) GrGelieD) 
JM iu ae (GE; {€; Gh 1D) 1B) 10) G 
MrgM Gare Le Dab) GG 
NC DD D Ty CAiGaie G 
Ss GG Ge 8) 1B) 1D) Ay UB 1B) 
HMe Ep IN GN 13) 1D G2G an 
HBr ae) GrGa aD 
ChR GaGa (Goi My 1D, Diet) 
SSm (Ge (Ey Gr 1b) DED Oe 
Fi G GG aD) IO) Dy) ae! an Ge 
MrsS GAG aes ap) ae GD 
FS Gur Gi GetrsD TDD 
DeC in eae Me Gi 1B) 1B) GD 
NM Gale) G Geto Tepe D 
BE DD G T= D GiGam 
WmL Gate Tae Cr & DD D 
MissO DDD) Gate Than GG 
Sch G Au ae “at GGDDD 
OL D 1p) iB) GTT 
RW CaG eb aG: DD ae Ge ae 
AM GAGSGe Dab AP an GW) 1D) 
LB G GIGrD Ae awh IB) D 
CaH GereD Gy 4k Ger D D 
JSch GaGa Gar) mD) eae 
Summary: % % % % % 
Glye. 8 (9) 32°37) 27 (381) 16 (18) 4 (5) 
oe OG) 30 (34) 33 (38) 13 (15) 5 (6) 

ie 


glycol. 11 (13) 28 (32) 24 (28) 21 (24) 3 (4) 
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They were to be smoked in the manner customary to each individual 
and the subject wrote his opinion on the envelope immediately fol- 
lowing the completion of the smoking. He or she did not look at the 
previous classification on the envelope before smoking, so that the 
opinion on every cigarette was quite uninfluenced. In these experi- 
ments also, neither subjects nor distributors knew which cigarette 
contained glycerine and which contained diethylene glycol; as in the 
preceding experiments all the results were at hand before the experi- 
menter knew the composition of the cigarettes. The data are sum- 
marized in Table II. 

Our data give no indication that cigarettes can be classified con- 
sistently as to the irritating quality of the smoke by supposedly 
normal humans, although Flinn’s report suggests patients with 
various afflictions due to smoking are able to judge differences in 
cigarettes similar in nature to ours. In many cases the same kind 
of cigarette was at one time called mild and at a subsequent period 
pronounced irritating by the same person. We believe, therefore, 
that a method for determining the irritating properties of cigarettes 
which relies solely upon the opinions of ordinary smokers cannot be 
considered reliable. 

The smoke of these 3 types of cigarettes increases the acidity of 
water to an equal extent, as determined by exact pH tests. 
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Response of Anterior Pituitary of Immature Castrated Rat to 
Testosterone and Related Compounds.* 


J. M. Wore anv J. B. HAmILTon. 


From the Departments of Anatomy, Vanderbilt University Medical School, Nash- 
ville, Tenn., and Albany Medical College, Union University, Albany, N. Y. 


It has been reported that injections of extracts containing the 
male sex hormone prevented the post-castration increase in the size 
and number of the basophilic cells in the anterior hypophysis of the 
rat.»° In later studies, Nelson and Gallagher*® studied the action 


* These studies have been aided by grants made to Vanderbilt University 
Medical School by the Division of Medical Sciences of the Rockefeller Foundation 
and the Grants-in-Aid Committee of the National Research Council. 

1 Reese, J. D., and McQueen-Williams, M., Am. J. Physiol., 1932, 101, 239. 

2 Nelson, W. O., and Gallagher, T. F., Anat. Rec., 1935, 64, 129. 

3 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 
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of synthetic male factors, androsterone and related compounds, in 
castrated female rats. Such injections prevented castration changes 
in the pituitary ; they also state that these injections induced the same 
type of degranulation as had been obtained by the injection of 
oestrin. Below are presented studies on the action of testosterone 
and its related compounds, testosterone-acetate and testosterone- 
propionate on the anterior pituitary of castrated immature rats. 
Twenty immature rats, mostly males, castrated immediately be- 
fore injections were begun, received daily injections of 500 gamma 
of either testosterone,f testosterone-propionate, or testosterone- 
acetate for 10 days; the animals were sacrificed 24 hours following 
the final injection. Twenty-three littermates castrated and killed at 


TABLE I. 
Frequency Distribution Table Showing Level of Cell Types in Injected and Non- 
injected Castrated Immature Rats. 


Intervals Frequency Distribution ——————Mean % 
in % Control Experimental Control Experimental 


Eosinophiles: Jo % 
30.0-34.9 o 6 
35.0-39.9 tall 10 M = 36.0 M = 37.0 
40.0-44.9 3 4 
Basophiles: 
(Granular) 


aAnwNna 


Wii = IC M=1.7 
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Basophiles: 
(Non-gran.) 
0.0- 1.9 
2.0- 3.9 
4.0- 5.9 
6.0- 7.9 
8.0- 9.9 
Chromophobes: 
35.0-39.9 
40.0-44.9 
45.0-49.9 
50.0-54.9 
55.0-59.9 
60.0-64.9 4 
Mean Pituitary Wt. 5.7 4.9 


= 
bow 
won -e 


M = 49.3 M = 54.9 


m& CO © bo 


+ The testosterone and testosterone propionate were furnished by the Schering 
Corporation through the courtesy of Dr. Erwin Schwenk. Testosterone-acetate 
was furnished by the Ciba Corporation through the courtesy of Mr. Robert 
Mautner. 
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the same time as the injected rats were used as controls. The pros- 
tate and seminal vesicles were weighed together. Their mean com- 
bined weight in the injected rats was 663 mg., the range from 279 
to 1,010 mg. The mean combined weight of these organs in the 
control rats was 40 mg. The mean pituitary weight of the castrated 
control rats was slightly greater than that of the injected rats (Table 
Li). 

The pituitaries of all rats were studied histologically; cell counts 
were made on all sections studied. In the castrated control rats 
there was a marked increase in the size and the number of the baso- 
philic cells (Table I). A majority of these cells were well packed 
with granules; the negative image of the Golgi apparatus was quite 
prominent, usually being more or less circular in form and situated 
between the nucleus and the cell membrane. A lesser number of 
these large basophiles appeared degranulated ; in some of these cells 
small yellow-orange bodies, thought to be mitochondria, were ob- 
served in the blue cytoplasm. The negative image of the Golgi ap- 
paratus was large and prominent. The mean level of the eosino- 
philes was 36% ; the range of variation was slight (Table 1). The 
mean level of the chromophobes was 49.3% (Table 1). Mitoses 
were found in the chromophobes and occasionally in the eosino- 
philes; counts revealed there was a mean of 5 per section in the 
chromophobes and 1 per section in the eosinophiles. 

Injection of either testosterone, testosterone-acetate or testoster- 
one-propionate suppressed the increase in the number and size of 
the basophiles which occurred after castration in the control rats. 
Furthermore, there was evident a marked degranulation in the baso- 
philes in the injected rats; the mean level of granular basophiles 
was reduced to 1.7%. Degranulated basophiles were quite abun- 
dant; most of these were moderate in size. In some, small clumps 
of basophilic granules were found. Small yellowish-orange bodies, 
thought to be mitochondria, were often observed in the blue cyto- 
plasm. The negative image of the Golgi apparatus was usually 
observed in these cells. Testosterone-propionate was most effective 
in preventing castration changes and inducing basophilic degranula- 
tion. 

We were unable to detect any constant changes in the eosinophiles 
of the injected rats; the levels of these cells in the control and ex- 
perimental groups were almost identical. In some few instances 
in the injected group a few eosinophiles were observed which ap- 
peared to present a reduction of granules but this finding was quite 
inconstant. It is possible that if we had injected larger amounts, 
changes might have been induced in the eosinophiles. 
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The percentages of the chromophobes in the injected group were 
slightly higher than in the castrate-control group. This was due, 
however, to the fact that the relative levels of the basophiles were 
much lower in the injected rat. As a whole, the chromophobes in 
the injected rats were normal in appearance; infrequently large, 
swollen cells with a hypertrophied negative image of the Golgi ap- 
paratus were observed. Counts of the mitotic figures revealed that 
they occurred in practically the same numbers as in the castrated 
control rats. 

These studies indicate that the action of testosterone and related 
compounds on the anterior lobe differs from that of oestrogenic 
substances. The latter induce a weight increase in the pituitary, 
degranulation of many and often ail of the basophiles and degranu- 
lation of a lesser number of eosinophiles. The chromophilic cells 
are reduced in percentage; the chromophobes are increased.* On 
the other hand, we have been able to detect only degranulation of the 
basophiles after injection of the male hormone; there is the possi- 
bility that injection of large amounts would result in changes in 
the anterior lobe similar to those induced by oestrin. However, 
other evidence indicates that the pituitary response to oestrin and to 
testosterone differs. It has been reported that injection of testo- 
sterone-acetate simultaneously with oestrin in either normal or cas- 
trated female rats partially suppressed the capacity of oestrin to 
induce pituitary hypertrophy and degranulation of the chromophilic 
cells.° These findings seem of considerable significance in view of 
the report® that injection of large amounts of the anterior pituitary- 
like factor (A.P.L.), simultaneously with oestrin, into either normal 
male or female rats partially suppressed the action of oestrin on 
the anterior lobe in the same manner as did the male hormone. 
However, A.P.L., injected simultaneously with oestrin in castrated 
female rats, failed to modify the response of the anterior lobe to 
oestrin. It is suggested that the ovary, under the stimulating in- 
fluence of A.P.L., produced some factor that exerted the same 
suppressing effect on the action of oestrin on the anterior pituitary 
as did the male hormone. It is impossible to say whether this sub- 
stance was actually the male hormone. However, this possibility is 
rendered more tenable by the finding that transplanted ovaries in 


castrated male mice were able to maintain the accessory reproductive 
organs.” 


4 Wolfe, J. M., and Chadwick, C. S., Endocrinology, 1936, 20, 503. 
5 Wolfe, J. M., and Hamilton, J. B., Anat. Rec., 1937, 67, 55 (Suppl). 
6 Wolfe, J. M., Anat. Rec. (in press). 


7 Hill, R. T., and Gardner, W. U., Anat. Rec., 1936, 64, 21. 
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Effect of Splenectomy on the Therapeutic Action of p-Amino- 
benzenesulfonamide on Mice Infected with Hemolytic 
Streptococcus. 


Paut Gross, F. B. Cooper anp M. L. Peesies. (Introduced by 
Arthur P. Locke.) 


From the Western Pennsylvania Hospital, Institute of Pathology. 


Sufficient experimental and clinical data have been reported by 
various authors, particularly by Colebrook and Kenny,” to estab- 
lish beyond all doubt the therapeutic effectiveness of p-aminoben- 
zenesulfonamide and related diazo-sulfonamide compounds (Pron- 
tosil and Prontosil, soluble) in hemolytic streptococcal infections. 

Ever since the discovery of Prontosil by Domagk,’ the mechan- 
ism of the action of this group of chemicals has been a puzzling 
question. No evidence of bacteriostatic or bactericidal action of 
Prontosil had been proved until Colebrook, Buttle and O’Meara* 
demonstrated such action with p-aminobenzenesulfonamide against 
small numbers of hemolytic streptococci in culture medium and in 
blood. These investigators found Prontosil to be inactive as pre- 
viously reported, but were able to demonstrate inhibitory effects 
when Prontosil was reduced with magnesium powder under partial 
vacuum. Long and Bliss’ were also able to “activate” Prontosil by 
reduction with sodium formaldehydesulfoxalate. 

As has been pointed out by Colebrook and coworkers,” and by 
Long and Bliss,® there is a wide discrepancy between the relatively 
small bacteriostatic and bactericidal action of the drugs im wtro 
and the excellent in vivo results. This discrepancy suggests that 
the bacteriostatic action may not be an essential factor in the ther- 
apeutic results obtained. 

Colebrook, et al.,t suggest that the bactericidal action of the tis- 
sues of the whole animal may be important; whereas Long and 
Bliss® believe the phagocytic activity of the polymorphonuclear 
leukocytes and monocytes plays a paramount role in controlling in- 
fections caused by the beta-hemolytic streptococcus. 

Our own investigations® on over 200 mice infected with 2 differ- 


1 Colebrook, L., and Kenny, M., Lancet, 1936, 1, 1297. 

2 Colebrook, L., and Kenny, M., Lancet, 1936, 2, 1319. 

3 Domagk, G., Deutsche Med. Wehnschr., 1935, 61, 829. 

4 Colebrook, L., Buttle, G. A. H., and O’Meara, R. A. Q., Lancet, 1936, 2, 1323. 
5 Long, P. H., and Bliss, E. A., J. A. M. A., 1937, 108, 32. 
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ent strains of hemolytic streptococci have shown no greater indica- 
tion of phagocytosis in treated animals (as demonstrated in smears 
of peritoneal exudate and heart blood, as well as in sections of the 
livers and the spleens) than in the untreated controls. We are, there- 
fore, not inclined to accept the hypothesis of Long and Bliss. 

Various authors have theorized upon the possible role of the 
reticulo-endothelial system, which, when presumably stimulated by 
the sulfonamide compounds, supposedly combats streptococcal in- 
fections. No experimental evidence has been offered in support or 
refutation of this concept, except by Bosse,’ who claims to have 
demonstrated the lack of protective action of Prontosil against hem- 
olytic streptococcal infections in splenectomized mice. Unfor- 
tunately, no details regarding the number of mice employed, or the 
manner in which the experiment was controlled were given. 
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Graph of the survival time of mice infected intraperitoneally with the ‘‘Stod- 
dard’’ hemolytic streptococcus (0.5 & 10-9 ce. of a 24-hour broth culture). 

A. Normal untreated controls. 

B. Splenectomized untreated controls. 

C. Normal mice treated with 25 mg. p-aminobenzenesulfonamide by mouth 
immediately after infection and every 24 hours for 9 consecutive days. 

D. Splenectomized mice treated in a manner identical to those in C. The 
columns marked + represent mice which at autopsy showed no streptococci in 
either the peritoneal cavity or the heart blood. 


6 Mellon, R. R., Gross, Paul, and Cooper, F. B., J. A. M. A. In press. 
7 Bosse, O. A., Fortschritte D. Therap., 1936, 9, 540. 
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The sections of livers and spleens from our several series® of 
mice infected with hemolytic streptococci and treated with Prontosil 
or p-aminobenzenesulfonamide, as well as sections from the untreated 
controls, failed consistently to show any morphologic evidence of 
activity on the part of the reticuio-endothelial system. This contra- 
dictory finding suggested an investigation of Bosse’s claim. 

The culture used was the ‘“‘Stoddard” strain of hemolytic strep- 
tococcus in its mucoid phase. Preliminary titrations of a 24-hour 
broth culture on both normal and splenectomized mice showed no 
significant difference in their susceptibility and placed the lethal dose 
Ato OG oc: 

Twenty splenectomized mice which had been allowed to recover 
from the effects of the operation for a period of 3 to 4 weeks, and 
20 normal mice were inoculated intraperitoneally with 0.5 x 10° 
cc. of a 24-hour broth culture. Ten of the normal, and 10 of the 
splenectomized mice were treated with 25 mg. of p-aminobenzene- 
sulfonamide by mouth immediately after infection, and every 24 
hours thereafter for 9 consecutive days, after which the treatment 
was discontinued. The other infected animals, 10 normal, and 10 
splenectomized, were not treated, and served as controls. 

The normal, as well as the splenectomized controls, showed an 
80% mortality rate in 3 days, 2 mice surviving in each group. All 
mice in the normal treated group survived, whereas there were 2 
deaths in the splenectomized treated group—one on the tenth, and 
one on the twelfth day. At autopsy, these 2 animals showed no 
streptococci in either the peritoneum or the heart blood. The results 
are shown graphically in Fig. 1. 


Conclusions, 1, P-aminobenzenesulfonamide is capable of pro- 
tecting splenectomized mice against fatal doses of highly virulent 
hemolytic streptococci. 2. The degree of protection observed in 
splenectomized mice was identical with that obtained with normal 
animals. 
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Intra-ocular Heterotransplantation of Gonads and Sex Acces- 
sories from the Albino Mouse to the Albino Rat. 


CLARENCE D, TurNER. (Introduced by C. W. Turner.) 
From the Department of Zoology, the University of Georgia. 


Earlier observations by the author’ indicated that the anterior 
chamber of the eye was an exceptionally favorable site for the incor- 
poration and persistence of testicular homografts. Grafts of this 
type proliferated mature germ cells and produced detectable amounts 
of male hormone for periods as long as 15 months. Browman’ 
found that the testes of albino mice transplanted subcutaneously, 
intramuscularly and intraperitoneally into albino rats sometimes 
persisted for several months but were not demonstrably functional. 
Since homotransplanted tissues have been reported to persist in the 
aqueous humor of the anterior chamber of the eye and to retain 
their histological differentiations for relatively long periods without 
vascularization from the iris,? it became of interest to determine 
to what extent heterotransplanted organs would persist and function 
following insertion into the anterior chamber. 

Fifty-six testes and 22 ovaries from prepubertal mice ranging 
from one to 20 days of age were transplanted bilaterally to the eyes 
of castrated male and female rats varying from 22 to 264 days of 
age. The heterotransplants were observed through the corneas, 
and attempts were made to recover the transplants at intervals from 
one day to 5 months. Within the first day after insertion of the 
gonadal transplants violent leucocytic reactions were observed in 
the eyes. The anterior chambers became hemorrhagic and inflamed 
and by the third day considerable exudation occurred through the 
unhealed incisions in the corneas. These incisions usually did not 
heal thoroughly until about 20 days, or until the heterotransplant 
had been eliminated. The anterior chambers invariably remained 
cloudy for 15 to 30 days and during this period the presence of 
donor tissues could not be detected except by sectioning. Only 4 
testicular (7.14%) and 6 ovarian (27.27%) transplants were re- 
covered subsequent to persistence for 20 days. The recovered 
transplants were found to be fibrotic or calcified nodules and con- 
tained no recognizable traces of the donor tissues. Since Browman 

1 Turner, C. D., Anat. Rec., 1936, 67, 112. 

2 Browman, L. G., 1935, Thesis, University of Chicago. 


3 Haterius. H. O., Schweizer, M., and Charipper, H. A., Endocrinology, 1935, 
19, 673. 
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recovered 57% of his testicular heterografts subsequent to persist- 
ence for 6 to 45 days in subcutaneous, intramuscular and intraperi- 
toneal positions, it appears that the transplants were more rapidly 
eliminated from the anterior chambers than from other sites. In no 
case did the heterotransplanted gonads in the anterior chambers 
maintain secretory processes in the male accessory glands or pre- 
vent the loss of oestrus cycles in the female hosts. Castration changes 
in the pars distalis of the hypophysis were not retarded by testicular 
heterotransplants. 

Sixteen vesicular glands and 12 ventral prostatic lobes from 30- 
day-old mice were transplanted to the eyes of normal adult male rats. 
After persistence for 20 days, only fibrotic nodules were recovered. 
Previous to the twentieth day, areas of normal-staining donor tissue 
occasionally could be identified, but there was no histological evi- 
dence of the ingrowth of blood vessels from the host. In no in- 
stance did these heterotransplanted accessory glands display evi- 
dence of secretion. The epithelium of the transplanted vesicular 
glands was low and void of secretory granules. Histological and 
cytological preparations indicated the loss of secretory function in 
the epithelial cells of the prostatic transplants. 

Summary, These observations indicate that heteroplastic trans- 
plants of gonads and accessory genital glands from albino mice do 
not become functionally incorporated in the anterior chamber of 
the eyes of albino rats. It is believed that the serological and phago- 
cytic reactions of the host produce more rapid deterioration of the 
heterotransplant in the anterior chamber than occurs in other trans- 
plantation sites previously studied. 
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Effect of Pneumococcus Type III Specific Polysaccharide on 
Sedimentation of Blood Cells. 


W. J. NuNGESTER AND LouIsE FORDHAM KLEIN. 
From the Hygienic Laboratory, University of Michigan. 


During the course of experiments with the specific polysaccharide 
prepared from a type III strain of pneumococcus by the method of 
Avery, Kendall, and Scherp,* it was noted that this material greatly 
increased the sedimentation rate of citrated human blood. 


SSR Se See SS ee 
1 Heidelberger, M., Kendall, F. E., and Scherp, H. W., J. Exp. Med., 1936, 
64, 559. 
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This initial finding has been confirmed, and additional observa- 
tions have been made, which we desire to present in a preliminary 
paper. 

The effect of the S Til on the sedimentation rate of blood cells 
can be demonstrated with heparinized or defibrinated blood, as well 
as with citrated blood. The effect of concentration of the S III on 
the sedimentation rate of citrated human blood is indicated by the 
data in Table I. The mixtures of blood and S III were drawn up in 
tubes of 2 mm. bore to a height of 200 mm., and the sedimentation 
read as the height of the clear plasma. 


TABLE I. 
% concentration of S III 0 .025 .05 075 oth a 1.0% 


mm. sedimentation in 60 min. 3 7 21 39 74 174 174mm. 


A carbohydrate substance isolated from a mucoid variant of B. 
colt by C. Lawrence of this laboratory had a similar effect in increas- 
ing the sedimentation rate of blood cells. Gelatin acted in the same 
way, as did gastric mucin, but to a degree much less pronounced 
than did the specific polysaccharide of the pneumococcus. Glucose 
in concentrations up to 1% had no appreciable effect on the phenom- 
enon in question. 

When mixtures of the S III of the pneumococcus and homologous 
antiserum are allowed to stand for 15 minutes, and are then added to 
blood, the increase in sedimentation rate is markedly diminished, as 
is shown in Table II. 


TABLE II. 
Type III Normal Control 
Antiserum Serum no S III 
mm. sedimentation in 60 min. 36 74 4 


This effect is type-specific, antiserums of heterologous types hav- 
ing no effect. 

When 1 mg. of the specific polysaccharide was mixed with 1 cc. 
of blood, the color of the mixture darkened sooner than the control. 
On shaking the darkened blood, the color was restored to a bright 
red, only to darken again before the control. The effect of the car- 
bohydrate on the oxygen-carrying capacity of the blood is being 
investigated. 

Pneumonia is a disease characterized by an abnormally high sedi- 
mentation rate. It is also known? that the specific polysaccharide 
may circulate in the blood stream during the course of the disease. 


2 TDochez, A. R., and Avery, O. T., J. Exp. Med., 1917, 26, 477. 
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Therefore it seems that the observation here reported may aid in 
furnishing at least part of the mechanism for the high sedimentation 
rate seen in pneumonia. 
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Effect of Phage on Electrokinetic Potential of Susceptible Cells.* 


A. P. KRUEGER AND J. H. MUNDELL. 
From the Department of Bacteriology, University of California, Berkeley. 


Earlier work" * has served to establish the following essential 
facts concerning the phage-bacterium reaction: 

A. Phage-production is conditioned by bacterial growth. 

B. There is at all times a normal distribution of phage between 
susceptible cells and the surrounding medium providing the cells 
are alive, 1. @., 

intracellular phage per cell 


free phage 


C. Lysis of bacteria depends upon the attainment of a critical 
ratio of phage to bacteria. In our experiments this threshold is 
approximately 100 activity units* per bacterium. 

While the above relationships are significant for the development 
of a rational mechanism of phage action on bacteria* and have 
been proved to apply to more than one organism and the corre- 
sponding phage,’ they give no evidence as to how phage induces 
cellular dissolution. Apparently phage does not measurably alter 
the normal bacterial growth-rate or the rate of cellular metabo- 
lism ;* ® 7 it may or may not bring about swelling of susceptible bac- 
teria just before lysis begins. Bronfenbrenner* has found that 
phage produces hydrolytic cleavage of bacterial proteins although 


* Supported by grants-in-aid from the National Research Council and Amer- 
ican Medical Association. 

1 Krueger, A. P., and Northrop, J. H., J. Gen. Physiol., 1930, 14, 223. 

2 Krueger, A. P., J. Gen. Physiol., 1931, 14, 493. 

3 Krueger, A. P., J. Gen. Physiol., 1930, 18, 557. 

4 Krueger, A. P., Physiol. Reviews, 1936, 16, 129. 

5 Clifton, C. E., and Morrow, G., J. Bact., 1936, 31, 441. 

6 Eaton, M. D., J. Bact., 1931, 21, 143. 

7 Hallauer, C., Centralbl. f. Bakt., I. Orig., 1933, 130, 194. 

8 Bronfenbrenner, J., Muckenfuss, R. S., and Hetler, D. M., Am. J. Path., 


1927, 3, 562. 


318 PHAGE EFFrect ON ELECTROKINETIC POTENTIAL 


this does not seem to be a constant concomitant of phagic action.” 
Since the site of action has never been clearly demonstrated and it 
is not even known whether phage taken up by a bacterium 1s inside 
the cell or merely held on the cell’s surface, we felt that measure- 
ments of the electrokinetic potential of susceptible staphylococct 
which had been exposed to anti-staphylococcal phage would be of 
interest. 

I. Measurement of the rate of electrophoresis. To estimate the 
electrokinetic potential the rate of electrophoresis of untreated and 
phage-treated staphylococci was determined. Two types of sus- 
pensions were employed: 

A. Live Cells. A suspension of living staphylococci was made 
from a 16-hour culture of organisms which had been grown on 
agar, thoroughly washed, and resuspended in sterile water. From 
this dense suspension the following mixtures were prepared: 
12x10" staphylococci per ml. in undiluted phage (1x10*° activity 
units/ml.) and 12x10’ staphylococci per ml. in broth. Both mixtures 
were kept in ice-water for 2 hours to allow equilibrium between 
intracellular and extracellular phage to become established. They 
were then centrifuged, the supernatants decanted, and the discarded 
solution replaced with an equal volume of secondary sodium phos- 
phate and primary potassium phosphate buffer-mixture of pH 7.0. 

B. Dead Cells. A 16-hour culture of staphylococci grown on 
agar was washed twice with sterile distilled water. The washed cells 
were made into a dense suspension in sterile distilled water and were 
heated at 80°C. for one hour. Aliquots were added to broth and to 
undiluted phage so that the final concentrations in both prepara- 
tions were 1x10* bacteria per ml. The rest of the treatment was 
identical with the procedure outlined under A. 

The rates of migration in the electric field were measured in the 
Northop-Kunitz inicrocataphoretic cell’? and the figures were sub- 
stituted in the Helmholtz-Lamb equation for calculating the zeta 
potential. The average electrokinetic potential for living untreated 
cells was —31 millivolts, while the corresponding figure for phage- 
treated cells was —59 millivolts. Dead untreated cells had an aver- 
age electrokinetic potential of —23 millivolts, and dead phage-treated 
cells an average zeta potential of -46 millivolts. 


Il. Test of colloidal stability. As a further test of the differ- 
ences in electrokinetic potential engendered by phage, the stability 
of untreated and phage-treated staphylococcal suspensions to the 


9 Bayne-Jones, S., and Sandholzer, L. A., J. Exp. Med., 1933, 57, 279. 
10 Northrop, J. H., J. Gen. Physiol., 1921-22, 4, 629. 
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addition of thorium nitrate was tested. The bacterial suspensions 
used were those described above and were prepared both with and 
without exposure to phage. 

In the case of living cells it was found that agglutination was very 
hard to induce even with high concentrations of thorium nitrate. 
There was no clear-cut endpoint which would serve to differentiate 
the untreated and the phage-treated suspensions. Apparently con- 
centrations of thorium nitrate sufficient to reduce the electrokinetic 
potential below the critical level for agglutination also alter the 
cohesive properties of the cells. 

In carrying out tests with dead bacteria, the cells were prepared as 
described under I-B with the exception that the final concentrations 
of bacteria in broth and in phage were 6x10* cells per ml. After 
exposure to phage and to broth for 3 hours the suspensions were 
centrifuged, the supernatants decanted, and the discarded fluid 
replaced with equivalent volumes of distilled water. The packed 
cells were thoroughly shaken up and 0.5 ml. aliquots of each cell 
suspension were added to 0.5 ml. portions of thorium nitrate dilu- 
tions. The suspensions were shaken in the waterbath at 36°C. and 
were read for agglutination at 0.1-hour intervals. Table 1 sum- 
marizes the general results observed in a series of such tests. 


TABLE I. 

Effect of phage on stability of heat-killed staphylococcal suspensions exposed to 
action of thorium nitrate. [Bacteria] — 3 K 108/ml. Agglutination expressed 
ae 1+, 2+,3+,4+. Reaction carried out at 36° ©. with shaking. Higher dilu- 
tions were ineffective. 
ees ou 
Time (Hre.) Broth-Treated Staphylococci Phage-Treated Staphylococci 

Normality of Thorium Nitrate 
1/10000 1/12000 1/16000 1/20000 1/10000 1/12000 
0.1 4+ 4+ 0 0 0 0 
0.2 44+ 44+ 2+ 2+ 1+ 0 
0.3 a Cn 4 2+ 1+ 0 
0.4 44+ 44+ 4+ 2+ 1+ 0 
0.5 4+ 4+ 4+ 2+ 14. 0 
0.75 44+ 4+ 44+ 2+ zl 0 
1.0 44 44+ 44+ 2+ Use 0 


Apparently when dead staphylococci take up phage they become 
quite resistant to the precipitating action of thorium nitrate. It 
should be noted that the sorption of phage by living staphylococci 
differs from that observed with dead cells.” When living cells are 
placed in phage-solutions equilibrium between intracellular and ex- 
tracellular phage fractions is quickly established and maintained in 
accordance with a partition-coefficient ; this attachment of phage to 
the cell is readily reversible. With dead cells phage distribution is 
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expressible as an adsorption-isotherm equation and the fraction 
attached to the bacteria is irreversibly bound. 

The attachment of phage to either living or dead susceptible staph- 
ylococci increases the negative electrokinetic potential as measured 
directly by the rate of cataphoretic migration and indirectly by the 
increased stability of suspensions to the action of quadrivalent 
cations. This is not proof that phage action is limited to the cell 
surface but it does furnish evidence that certain of the bacterium’s 
surface-properties are altered either directly as a result of phage- 
attachment or indirectly as a reflection of intracellular reactions in 
which cellular constituents and phage participate. 
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Liver Proteins. II. Liver Albumin. 


J. Murray Luck Aanp Doucias MartTIN. 


From the Biochemical Laboratory, Stanford University. 


In the course of investigations on the chemistry of the liver pro- 
teins we have had occasion to determine the liver-albumin content 
under a variety of conditions. The fundamental problem which we 
desired to elucidate was whether liver albumin exists as a preformed 
protein or whether it arises as an artefact during fractionation. It 
occurred to us that a partial answer would be obtained by studying 
the ratio, albumin/total salt-soluble protein, at different hydrogen 
ion concentrations maintained during the preliminary sodium chlo- 
ride extractions. It is known’ that the total salt-soluble protein 
extractable from liver increases greatly with increase of pH over the 
range pH 4to 8. If the liver albumin were largely an artefact, aris- 
ing as a dissociation product from the salt-soluble protein fraction, 
one might reasonably expect that increases in the latter would be 
reflected by equi-proportional increases in the former; the ratio, 
albumin/total salt-soluble protein, would remain constant. Although 
the present work does not give a decisive answer to the question it 
yields certain information about the liver-albumin content which is 
pertinent and significant. 

For the purposes of this investigation we used dog liver, rapidly 
perfused in situ to remove blood, then excised, frozen with liquid 
air, powdered, and preserved at —10°C. 


1 Luck, J. M., and Nimmo, C. C., Proc. Am. Soc. Biol. Chem., in press. 


LIVER ALBUMIN Syl 


In the first group of experiments the procedure followed was es- 
sentially that reported previously,” except that 3 successive extrac- 
tions with sodium chloride were employed instead of 2, and the 
period of dialysis was shortened to 2 days. Extractions were made 
at pH 4.3, 4.7, 5.0, 6.4, and 7.0. Between pH 4.7 and 7.0 the albu- 
min content remained virtually constant at about 2.2% (extremes 
2.07, 2.33); the total salt-soluble protein content increased pro- 
gressively from 6.44 to 9.18%; the ratio, albumin/total salt-soluble 
protein, decreased from 0.36 to 0.23. 

In the second group of experiments 3 successive extractions were 
made with 0.5 M (NH,).SO, instead of sodium chloride. The com- 
bined extracts were not dialyzed but were immediately salted out by 
addition of solid ammonium sulphate to the point of half saturation. 
Albumin was determined in the filtrate gravimetrically after heat 
coagulation. The extractions were made at pH 4.0, 5.1, 6.3, 7.3, 7.7, 
and 8.3 and the salting out at pH 6.4. The corresponding values 
for liver albumin were 0.86, 2.79, 3.47, 3.39, 2.93, and 3.26% re- 
spectively; for the total salt-soluble protein, 0.96, 6.93, 10.1, 10.4, 
10.3, and 10.2% respectively; and for the ratio of the two, 0.89, 
0.42, 0.35, 0.33, 0.29, and 0.32 respectively. 

The experiments in the second group reveal that the values for 
albumin and total salt-soluble protein increase up to pH 6.3 but 
further increases in pH do not yield higher values. Below pH 6.3 
the proportion of the total salt-soluble protein represented by albu- 
min tends to increase but the number of experiments conducted in 
these more acid regions is insufficient to permit a final interpretation. 

We would like to draw attention, also, to the low level at which 
albumin is maintained in the liver. The highest value we have 
ever observed is 3.47%. Due to proteolysis which proceeds during 
dialysis, the albumin values in the first group of experiments are 
lower than those where dialysis was omitted. Still lower were the 
albumin values previously reported,” where prolonged dialysis was 
employed. 

In the light of these determinations, and on the assumption that 
serum albumin has its origin in the liver, the slow regeneration of 
serum albumin during hypoproteinemia may be associated with the 
low reserves of liver albumin. 


2 Luck, J. M., J. Biol. Chem., 1936, 115, 491. 
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Responses of Feathers of Male and Female Pheasants to 
Theelin.* 


C. H. DANFORTH. 


From the Department of Anatomy, Stanford University. 


Some years ago it was observed* * that in several species of birds 
and mammals a number of secondary sex differences, including 
color, seemed to be dependent on external or hormonal factors and 
not at all on the genetic sex of the individual. This discovery led 
to the enunciation of a theory of “equipotentiality” which assumed 
that male and female tissues are identical in their reactions, partic- 
ularly to the sex hormones. Among birds the common fowl yielded 
much in support of this theory, for even in those breeds which show 
unusual types of reaction, as the Campines,® little evidence has been 
presented to show a difference between the two sexes. Neverthe- 
less minor differences are suggested by the gonadectomy experi- 
ments of Finlay* and the skin transplantation studies of Masui.© In 
the Reeves pheasant, which belongs in the same family as the do- 
mestic fowl, a marked constitutional difference in the behavior of 
feather follicles of opposite sexes has been found to exist.° 

An earlier report on these pheasants was concerned only with 
responses of male and female skin to normal concentrations of sex 
hormones, which could be tested by the method of skin transplan- 
tation. In a further study of Reeves pheasants and also members 
of the related genus Phasianus, it was found that the action of thee- 
lin injected intramuscularly is seemingly indistinguishable from 
that of the normal hormone of the bird’s own ovary. Assuming 
that theelin and the ovarian secretions are essentially identical, the 
relative responsitivity of male and female feather follicles to the 
hormone may be compared fairly satisfactorily by means of skin 
transplantation, gonadectomy and theelin injection. While the 


* Supported in part by the Rockefeller Fluid Research Fund of Stanford Uni- 
versity School of Medicine. The writer is also indebted to Dr. Oliver Kamm and 
the Parke-Davis Company for generous contributions of theelin. 

1 Zawadowsky, M. M., Trans. Rae Exp. Biol., Zoopark, Moscow, 1928, 4, 11. 

2 Lillie, F. R., J. Exp. Zool., 1927, 48, 175. 

3 Danforth, C. H., Biologia peepee) 1930, 6, 99. 

4 Pinlay, G. F., Brit. J. Exp. Biol., 1925, 2, 439. 

5 Masui, K., Arch. Entwicklungsmech., 1933, 128, 1. 

6 Danforth, C. H., Proc. Soc. Exp. Bion. AND Mep., 1935, 33, 291. 


THEELIN AND PLUMAGE IN PHEASANTS 323 


results are rather clear cut, there is little doubt that they are ob- 
scured somewhat by the coincident action of other hormones than 
theelin.” 

The feathers of Reeves pheasants and those of members of the 
genus Phasianus of course differ greatly in actual appearance, but 
they show sufficient parallelism in their responses to theelin to 
justify grouping them together for present purposes. In neither 
group are the reactions of an all-or-none type. Moreover, the re- 
sponses in different regions of the body vary considerably. Feath- 
ers of the head and throat appear to undergo complete “sex rever- 
sal’ more readily than those of most other regions. In general 
there seems to be an irregular gradient extending antero-poster- 
iorly, but this and the possible interrelation of male and female 
hormones require further analysis. 


TABLE I. 
Approximate Effects of Various Theelin Levels on Developing Feathers of the 
Rump. 
Female Follicles Male Follicles 
(c= ee ST LT ee 
Group No. of No. of 
No. Hormonal Condition Examples Response Examples Response 
i Castrated 3 i 3+ 4 1 
2 Normal ¢ 9 3 7 1 
3 Castrated ¢ plus theelin 1 4 2 Diets 
4 Normal ¢ plus theelin 2 38+ 6 2+ [3+] 
5 Castrated 9 2 1+ 
6 Normal 9 10 4 7 2 
is Normal ¢ plus theelin 3 4 2 2 


(+) indicates a variation upward, (+) a range above and below the value 
indicated. 

Table I is based on reactions of feathers of a single region, the 
rump, where the threshold is rather high and the range of expression 
wide. Asa scale for measuring responses, 4 primary grades may 
be recognized and designated as 1, 2, 3 and 4, corresponding to M/M, 
M/F, F/M, and F/F, where numerators represent genotypes and 
denominators full normal hormonal concentrations. In groups 3, 
4 and 7 of the table, injections of theelin in oil averaged a little over 
4500 international units a day and were continued for periods of 
either 4 days or approximately 2 weeks. The former dosage, 
affected only a part of each growing feather while the latter, when 
properly timed, was sufficient to influence feathers throughout their 
entire extent. In group 4 the figure in brackets refers to a specimen 
of Phasianus which was especially sensitive. 

It will be apparent that at all concentrations of theelin, from far 


7 Witschi, E., Proc. Soc. Exp. Brou. AND MEp., 1936, 35, 484. 
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below to well above normal, female skin consistently produces 
feathers of a higher grade than male skin at the same concentra- 
tions. Even at the extremes reached in these experiments, only an 
approximation to sex reversal (1+ and 3+) was attained. This 
indicates that in these species of pheasants the genetic factor is an 
important one in the determination of sex differences in plumage, 
and the results afford no support for the theory of equipotentiality 
as originally formulated. 
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Chilling as an Effective Means of Delousing. 


HUEI-LAN CHUNG. 
From the Department of Medicine, Peiping Union Medical College, Peiping, China. 


Louse-borne relapsing fever and typhus fever are prevalent in 
North China where they often assume epidemic proportions. Since 
these infections are transmitted by body-lice, delousing will always 
remain one of the most effective means of controlling them. In 
China’s northern provinces the natural temperature during the 
months from November to February is stated to fluctuate between 
—16°C. and 40°C. The problem is to devise an effective, practical, 
and cheap means of delousing the clothing and other belongings of 
large numbers of people, especially troops, who are exposed to re- 
lapsing fever and typhus fever and live under conditions in which 
on account of economic and other difficulties, the usual type of 
delousing by means of moist or dry heat is not available. Hence, a 
series of experiments has been conducted to test the resistance of 
body-lice and their eggs to chilling, a natural means which is always 
available without cost during winter in cold regions. 

Altogether 2,922 male and female body-lice varying from 4 days 
to 32 days old divided into 40 lots, and 2,370 eggs in 9 lots were 
subjected to chilling at temperatures ranging from —1°C. to —25°C. 
for various periods of time. Many thousands of lice and their 
eggs were also subjected to temperatures varying from 5°C. to 8°C. 
for many days. In most instances the chilling was accomplished by 
placing the different lots of lice and eggs contained in different 
cages in a special refrigerator which is adjustable to give any de- 
sired temperature from 0°C. to —25°C. Ina few instances the lice 
subjected to chilling were kept in a small test-tube which was closely 
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wrapped with a thick layer of cotton-wool in all directions. The 
thickness of this cotton-wool coat measured 3 cm. when uncom- 
pressed but measured only 0.5 cm. when compressed. In some in- 
stances the chilling was done by merely exposing the lice contained in 
cages to the outdoor winter temperature and the minimum and max- 
imum temperatures to which the insects were subjected for a given 
time were recorded with a suitable thermometer. 

Death of lice was confirmed by the fact that recovery never took 
place when these chilled insects were brought back to temperatures 
between 25°C. and 37°C. In many instances the chilled lice still 
showed slow and sluggish rhythmic contractions of their stomachs, 
but they were neither able to move nor ever recovered, and hence 
can be safely regarded as dead. The results of these experiments 
may be summarized as follows: 


1. Chilling out-of-doors, at a temperature fluctuating between 
—10°C. and -14°C. for 9 hours, or between —10°C. and -12°C. for 
13 hours is lethal to body-lice. This is not in agreement with the 
observations of Kisskalt and Friedmann* and Zabel as cited by 
Halberkann’ who stated that chilling at -12°C. overnight or at 
—15°C. for several days was not lethal to body-lice. 


2. Chilling in a special refrigerator at a temperature of —17°C. 
for 2 hours, or at a temperature of —25°C. for one hour is lethal to 
body-lice. 

3. It requires chilling for 3 hours at a temperature of —17°C. 
or for 2% hours at a temperature of —25°C. to kill body-lice when 
they are protected by a compressed layer of cotton wool 0.5 cm. 
thick. 

4. When fed once daily many body-lice survive a temperature 
fluctuating from 5°C. to 8°C. for 6 to 8 weeks. 

5. Chilling at temperatures between —-6°C. and -8°C. for 36 
hours or between —10°C. and -11°C. for 10 hours does not kill 
body-lice. This is in keeping with the observations of Heymann® 
and Hase* who found that chilling overnight at -8°C. or —10°C. 
was not lethal to body lice. 

6. Chilling at 5°C. for 7 days or more prevents most of the eggs 
of body-lice from hatching, but chilling at -17° or at —25°C. for 
2 hours effectively prevents all eggs of lice from hatching. This is 

1 Kisskalt, K., and Friedmann, A., Deut. med. Woch., 1915, 41, 397. 

2 Halberkann, J., Arch. f. Schiffs- u. Tropenhyg., 1916, 20, 5. 

3 Heymann, B., Z. f. Hyg., 1915, 80, 298. 

4 Hase, A., Die Biologie der Kleiderlaus. Original article not available; cited 
by Da Rocha-Lima and Sikora in ref. 5. 
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in harmony with the observations of Sikora’ but does not agree with 
the findings of Widmann® and Kisskalt,’ who stated that chilling 
overnight at —5°C. or at —10°C. did not prevent eggs of lice from 
hatching. 

Conclusion. Chilling for a sufficient period is an effective means 
of destroying both body-lice and their eggs. Where refrigerators 
having a temperature lower than —12°C. are available, the delousing 
of valuable furs and other delicate garments which would be dam- 
aged by moist or dry heat, can be safely and effectively achieved by 
this means. 
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Photodynamic Action of Various Dyes on Bacteria. 


T. T’uNG AND SAMUEL Hi ZIA: 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping. 


In the presence of ordinary visible light from an electric bulb, 
methylene blue was found to exert a rapid bactericidal action on 
certain bacteria which survived the same dye even in higher con- 
centration in the absence of lamplight.. At the same time, gram 
negative bacilli were found to be highly resistant to this action of 
methylene blue. In continuation of a systematic study of photo- 
dynamic action of dyes on bacteria, various other common dyes 
have been chosen, and tests with representative gram positive and 
gram negative organisms repeated. The result of such a study is 
hereby presented. 

Saline solutions of eosin, mercurochrome, acid fuchsin, basic 
fuchsin, and fluorescein, and a commercial 2% solution of trypa- 
flavine were used. Bacteria were grown on either blood- or plain 
meat-infusion agar for 24 hours and were then suspended in saline. 
Except in the case of trypaflavine, which was diluted with the sus- 
pension to the desired concentrations, suspensions were added to 
equal parts of dyes in the different dilutions recorded in Table I. 

In order to facilitate the study of a large number of specimens 
at the same time, the procedure previously employed was slightly 

5 Da Rocha-Lima, H., und Sikora, H. Handbuch der Biologischen Arbeits- 
methoden, 1925, 12, 769. 

6 Widmann, E., Z. f. Hyg. u. Infek., 1915, 80, 289. 


7 Kisskalt, K., Deut. med. Woch., 1915, 41, 154. 
1T’ung, T., Proc. Soc. Exp. Bron. AND MED., 1935, 33, 328. 
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modified. Instead of petri dishes, sterile, hollow-ground slides 
with 2 cells each were used. The cells were protected with cover- 
slips which permitted maximal penetration of light from a 100- 
watt bulb 10 cm. distant. As in previous experiments, the slides 
were placed on a cooling machine which kept their temperature at 
or below 20°C. Controls were exposed to diffuse daylight at room- 
temperature. At intervals of 15, 30, and 60 minutes after exposure, 
samples were plated and examined for growth after 24 hours’ incu- 
bation. The pertinent results of the photodynamic action of eosin, 
mercurochrome and trypaflavine after 60 minutes’ exposure to 
lamplight are presented in Table I, while those from acid fuchsin, 
basic fuchsin, and fluorescein were omitted as these dyes were prac- 
tically inert. The low solubility of the last two could account for 
their inactivity. 

Besides the data presented in Table I, it may be mentioned that 
while 60 minutes of exposure revealed the maximal photodynamic 
action of the dyes, in the majority of instances however, a 30-minute 
exposure was almost as effective. Even with 15 minutes’ exposure, 
Pneumococcus type I was killed by eosin and by mercurochrome at 
1:10,000 dilutions of the dyes, and C. diphtherie by eosin at 
1:10,000. However, the “prozone,” in which higher concentration 
failed to kill while more dilute solutions did, was more noticeable 
after only 15 minutes of exposure. For instance, while no growth 
appeared in a suspension of Pneumococcus type I in 1:10,000 of 
eosin, some growth occurred from that of 1:1,000 and maximal 
growth from those from 1:10 and 1:100. This phenomenon was 
repeatedly seen in different types of cultures. It seems to suggest 
that in studying the photodynamic action of dyes on bacteria there is 
also an optimal dilution at which the dyes would act as it has been 
previously demonstrated with bacteriophage’ and with toxin.’ 

Two facts stand out quite clearly from the above observations. 
In the first place, eosin was found to have a particularly effective 
photodynamic action—the difference between its native bactericidal 
action and that after exposure to light was more than 10,000 fold. 
In the case of methylene blue this difference was only 100 fold. 
Mercurochrome was more bactericidal in the absence of light, but 
its action on gram positive organisms was definitely enhanced by 
light. Trypaflavine behaved in a way intermediate between these 
2 dyes. In the second place, it was remarkable that none of the 
dyes tested would act effectively against a gram negative bacillus, as 


“2 Perdrau, J. R., and Todd, C., Proc. Roy. Soc. B, 1933, 1 12, 277. 
3 Lin, F. C., Proc. Soc. Exp. BIOL. AND Mep., 1936, 34, 656. 
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TABLE I. 


Mercurochrome and Trypaflavine on Bacteria. 
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the maximal difference between the native bactericidal action of dyes 
and that enhanced by light was at most 10 fold. It therefore appears 
that the parallelism of bacteria in their reactions to the gram stain 
and the susceptibility to photodynamic action, as suggested pre- 
viously,’ is again confirmed. 
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Attempts to Infect Ornithodorus moubata with the Chinese Strain 
of Spirochaeta recurrentis. 


Lan-Cuou FENG AND HvueI-Lan Cuunea. (Introduced by R. J. C. 
Hoeppli. ) 
From the Division of Parasitology, Department of Pathology, and Department of 
Medicine, Peiping Union Medical College, Peiping, China. 


Biologically there are 2 groups of relapsing fever spirochaetes, 
one being transmitted by lice and the other by ticks, chiefly of the 
Ormthodorus group. The Chinese strain of Spirochaeta recurrentis 
has been demonstrated by Robertson* and Chung? to be transmitted 
by the louse, Pediculus humanus corporis, and its development in this 
insect has been studied recently by Chung and Feng.* In order to 
see whether infection with the Chinese strain of relapsing fever 
spirochaetes can be established in Ornithodorus moubata, and 
whether infection can be transmitted to laboratory animals by these 
ticks, a series of experiments was carried out. 

Four lots of young larval ticks and one lot of adult male and 
female ticks were fed on squirrels heavily infected with Chinese 
relapsing fever (30-40 spirochaetes to each oi! immersion dark 
field of the fresh smear). After the infective feeding, the ticks were 
kept at a room temperature of 25-28°C. Examinations for infection 
of the ticks were made by dissection and searching for spirochaetes 
under darkfield illumination by the method used by Feng and 
Chung,* by feeding on clean squirrels and finally by injecting emul- 
sified ticks into squirrels. The blood of the animals was examined 
daily with dark ground illumination for spirochaetes throughout the 
course of the experiment. 

The dissections, as shown in Table I, demonstrate that the spiro- 

1 Robertson, R. C., Chinese Med. J., 1932, 46, 853. 

2 Chung, H. L., Chinese Med. J., 1936, 50, 1723. 

3 Chung, H. L., and Feng, L. C., Chinese Med. J., 1936, 50, 1181. 

4 Feng, L. C., and Chung, H. L., Chinese Med. J., 1936, 50, 1185. 
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; : TABLE I. 
Results of Dissection of Ticks Fed on Squirrel Infected with Chinese Strain of 
Spirocheta recurrentis. (These ticks were kept at 25-28° C.) 


Stomach Legs No. of spirochaetes 
Days of No. ——— — SS 
Infection Dissected No. + No. — No. + No. — Living Dead 
1s 6 6 0 3 3 +4+4++ + 
2 8 8 0 1 7 ++ +++ 
3 8 8 0 1 7 + ++ 
o 4 3 il 1 3 + ++ 
5 5 2 3 0 5 0 + 
6 J 0 4 0 4 ) 0 
eh 5 0 5 0 5 0 0 
8 2 0 2 0 2 0 0 
9 2 0 2 0 2 0 0 
10 2 0 2 0 2 9) 0 


chaetes penetrated the stomach wall and reached the body cavity in 
some of the ticks during the first 4 days of infection. All the spiro- 
chaetes, including those which had already reached the body cavity 
and those still in the stomach gradually died, degenerated, and finally 
disappeared, beginning as early as the 4th day in some of the ticks. 
In a few instances, a small number of spirochaetes were found to 
survive until the fourth day of infection. From the 6th day onward 
spirochaetes could not be found at all in any of the ticks examined. 
Ina few of the ticks dissected from the 1st to the 11th day of infec- 
tion additional examinations for spirochaetes in other organs lying 
in the body cavity, including the salivary glands, the nerve ganglion, 
the coxal glands, the reservoir, and the malphighan tubes gave en- 
tirely negative results. 

In the feeding experiments, since the ticks refused to suck blood 
again earlier than 4 days after the infective feed, and even after this 
date only a small number of them would suck blood at the same 
time, these experiments were extended over a period of 25 to 69 
days in the hope that repeated bites during this period might pro- 
duce an infection which would otherwise be missed. 

In Table II it is shown that all 4 squirrels on each of which sep- 
arate lots of 5-17 infected ticks were fed from 3-6 times with a total 
of 45-66 bites failed to contract relapsing fever and their blood 
remained constantly negative for spirochaetes as proved by daily 
examination extending 31-55 days after the last feed. 

At the end of the feeding experiment 5 ticks from each of the 4 
lots were ground up in 2 cc. normal saline solution and the emulsion 
injected subcutaneously into the negative squirrels used for the feed- 
ing experiment. Besides the subcutaneous injection, 4 drops of the 
emulsion were also dropped into the eyes and nose of each animal. 
On examination, 8 and 25 days respectively after the injection, 2 
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animals which died showed no spirochaetes in the blood. Into the 
eyes and nose of the other 2 squirrels, whose blood was consist- 
ently negative for 33 and 34 days after receiving the tick emulsion, 
infected squirrel blood was dropped. They were found to take the 
infection, as spirochaetes were seen in their blood 4 or 5 days after- 
wards. This shows clearly that the squirrels used in the experiment 
were susceptible to the infection (Table II). 

Attempts to transmit relapsing fever spirochaetes which are nor- 
mally carried by lice by means of ticks to laboratory animals have 
been made by various workers. Manteufel® stated that he was able 
to transmit the Russian strain of relapsing fever spirochaetes to rats 
through the bite of experimentally infected Ornithodorus moubata. 
Neumann® also succeeded in transmitting both the American and 
Russian strains of Spirochaeta recurrentis to mice and rats through 
the bite of the same tick. 

In the experiments recorded in the present paper infection with 
the Chinese strain of Spirochaeta recurrentis of Peiping could not 
be maintained in either young or adult Ormithodorus moubata. After 
the infective feed, some of the spirochaetes transversed the gut and 
reached the abdominal cavity of the tick. They failed, however, to 
enter the salivary glands, the nerve ganglion, the reservoir and the 
coxal glands. 

At the temperature of 25-28°C. the spirochaetes in the stomach as 
well as those that had already reached the body cavity of the tick 
gradually died, degenerated and finally disappeared about 6 days 
after the infective feed. Feeding of such ticks on and injection of 
their emulsion into squirrels failed to produce relapsing fever in 
these animals which were subsequently proved to be susceptible. 

These findings suggest that the Chinese strain of Spirochaeta 
recurrentis is biologically different from those transmitted by ticks. 
It also seems to indicate that this strain of the relapsing fever 
spirochaetes does not behave in the tick in the same way as the 
Russian and American strains which, according to the work of Man- 
teufel and Neumann, can be easily transmitted to laboratory animals 
by O. moubata. 


5 Manteufel, Arb. a. d. Kaiserl., Gesundheitsamte, 1908, 29, 337. 
6 Neumann, R. O., Miinch. Med. Wochr., 1909, 56, 477. 
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Negative Findings of Leucolysin in the Sera of Cases of 
Kala-azar. 


Hy: Ce Patcanp-G. Hake. 
From the Division of Pathology, Peiping Union Medical College. 


Leucopenia is one of the outstanding features in cases of kala- 
azar. Its pathogenesis is still obscure. By incubating washed leu- 
cocytes of the blood of normal individuals with the sera of other 
normal individuals and of cases of kala-azar, Maggiore and Sindoni’ . 
found that there was a reduction in number of leucocytes with 
kala-azar serum, but no reduction with the normal serum. They, 
therefore, concluded that in the serum of kala-azar cases there was 
a leucolytic substance, “leucolysin,’ which is responsible for the 
occurrence of leucopenia. Their observation was later confirmed 
by other Italians,” * but Teng and Forkner* showed that inoculation 
of killed Leishmania donovani into rabbits failed to produce leuco- 
penia in these animals. In order to confirm or disprove the con- 
clusion of the Italian workers we repeated their experiments and 
the results are briefly reported below. 

Two cc. of blood was withdrawn from the arm vein of a normal 
individual. After a drop of blood from the tip of the needle was 
taken, immediately following its withdrawal from the vein, for the 
initial count of the white blood cells, the blood in the syringe was 
quickly forced into a 15 cc. centrifuge tube containing 12 cc. of 
citrated normal saline. The mixture was thoroughly stirred by a 
glass rod and centrifuged for 3 minutes at medium speed. The 
supernatant fluid was then removed, fresh citrated saline was added, 
the mixture again thoroughly stirred, and at the end of the third 
centrifugation the sediment was made up to its original volume of 
2 cc. with citrated normal saline. One cc. of this blood cell suspen- 
sion in saline was now put into each of 2 small tubes and another 
white blood cell count was made. After this 2 drops of kala-azar 
serum (obtained from etiologically proven but untreated case of 
kala-azar) were added to one tube and 2 drops of normal serum 
(obtained from another normal individual whose blood belongs to 
the same group as that of the kala-azar patient and the individual 

1 Maggiore, S., and Sindoni, M., La Pediatria, 1917, 25, 81. 

2 Jemma, G., La Pediatria, 1920, 28, 1081. 

3 Arena, G., La Pediatria, 1927, 35, 465. 


4Teng, C. T., and Forkner, C. E., Proc. Soc. Exp. Biot. anpD Mzp., 1936, 
34, 661. 
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supplying the 2 cc. of blood) were added to the other. Another 
white count was then made. The tubes, now properly corked, were 
then incubated in a water bath for 2 or 3 hours and white counts 
were made at hourly intervals from each tube. The blood was 
thoroughly stirred with a glass rod before the sample was taken 
for each counting. 

The above experiment was made with the serum of 6 cases of 
kala-azar. It was observed that in all these cases there was always 
a reduction in the number of leucocytes after several times of 
washing and after prolonged incubation with repeated stirring. The 
degree of reduction in the number of the leucocytes of the blood 
incubated with kala-azar serum was approximately the same as that 
with normal serum. The reduction was apparently due to the fact 
that many of the leucocytes in the suspension became attached to 
the stirring rods and the wall of the incubating tubes, as demon- 
strated by the microscopic examination of the stained blood films 
on their surfaces and further proved by the fact that with very 
thorough cleansing or paraffin coating of the glassware the degree of 
reduction became much less noticeable. It was, therefore, concluded 
that in the kala-azar serum there is no such substance as leucolysin. 
The lack of any leucolytic substance was further confirmed by the 
direct observation under microscope of the leucocytes of normal 
blood mixed with kala-azar serum. These leucocytes were found to 
remain either actively motile or at least physically intact even after 
3 hours’ incubation. 
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Pigmented Cells in Adrenals and Testes of Hypophysectomized 
Rats. 


EUGENE CUTULY AND ExvizaBeTH C. Cututy. (Introduced by 
D. Roy McCullagh. ) 


From the Department of Biochemical Research, Cleveland Clinic Foundation, 
Cleveland, Ohio. 


Brief mention has already been made of the fact that hypophysec- 
tomy in the rat is followed by the appearance of yellowish pigmented 
cells in the interstitial spaces of the testis and in the reticular zone of 
the adrenal.t_ The pigmented cells which we have seen in the testis 
seem to be similar to those described by Rasmussen’ as occurring in 


cameron ie sagen s Se 
1Cutuly, E., McCullagh, D. R., and Cutuly, E. C., to appear in Am. J. Physiol. 
2 Rasmussen, A. T., Am. J. Anat., 1917, 22, 475. 
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the involuted testis of the hibernating woodchuck, and those we have 
seen in the adrenal seem to be similar to those found by Zalesky® in 
the adrenals of castrated guinea pigs. 

In our studies the adrenals and testes of numerous rats hypo- 
physectomized for 5 to 100 days were fixed in Zenker-acetic, 10% 
formalin, Helly’s or Bouin’s fluid. Paraffin sections were cut at 
5 or 10 micra and stained with ordinary hematoxylin-eosin or with 
iron hematoxylin and light green; some sections were mounted un- 
stained. The structure and coloration of the pigmented bodies was 
the same regardless of the histological technique employed. These 
bodies were of different sizes and shapes and were characterized by 
the appearance of yellow pigment in the cytoplasm. The size of the 
pigment granules varied from fine particles to clusters as large or 
larger than nuclei of normal interstitial cells. Nuclei were some- 
times entirely lacking from these cells. When present they showed 
varying degrees of pycnosis and were almost always eccentrically 
located, their position seeming to depend upon the amount of pig- 
ment laid down in the cytoplasm. At times this pigment was so 
abundant that the nucleus was displaced to the extreme periphery of 
the cell and actually protruded beyond the cell wall. 

Pigment cells such as we have described are very rarely observed 
in the adrenals of normal rats, but in our experience never appear 
in the testes. Such cells havé been found to occur invariably in the 
juxtamedullary region of the adrenals of rats hypophysectomized 
from 5 to 100 days. Greater numbers of these cells were visible in 
the adrenals of rats hypophysectomized for relatively long periods 
of time than in those hypophysectomized for only a short time. This 
observation suggests that there was accumulation of these structures 
in the reticular zone. In the testes the pigmented cells appeared 
indiscriminately throughout the intertubular spaces, but they were 
usually most numerous just subjacent to the tunic of the gland. 
While they have been seen in the testes of rats hypophysectomized 
for 5 to 69 days, their occurrence in these organs was not so con- 
stant as in the adrenals. Frequently these yellow bodies were few 
in number or entirely lacking in the testes of rats hypophysectomized 
for more than 20 days. Since these pigmented cells in hypophysec- 
tomized rats usually showed signs of nuclear atrophy, and because 
they accumulated in the reticular zone of the adrenal and tended to 
disappear from the interstitial spaces of the testis, it was believed 
that they represented a type of degeneration resulting after ablation 
of the anterior lobe of the pituitary. That removal of the anterior 


8 Zalesky, M., Anat. Rec., 1936, 65, 467. 
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pituitary alone was responsible for the appearance of the pigmented 
cells was demonstrated by the fact that the testes and adrenals of 
incompletely hypophysectomized rats possessing remnants of an- 
terior lobe tissue alone did not show these changes. 

Because of the morphological similarity between the pigmented 
structures in the adrenals and testes, it was thought that the cells in 
both the glands might be physiologically related. Various studies, 
however, have not lent support to this idea. Thus, hypophysecto- 
mized rats receiving pure gonadotropic hormone from a parabiotic 
partner* had testes which showed no sign of pigmented cells, while 
the adrenals of these rats contained many such structures. Similarly, 
pigmented cells have been prevented from appearing in, or have 
been caused to disappear from, the testes of hypophysectomized 
rats by injections of antuitrin-S; but these injections failed to have 
any preventive action on the pigmented bodies in the adrenal. 

Further studies are being planned to determine the nature, origin 
and fate of the pigmented cells and their responses to various sub- 
stances. 

Summary, Hypophysectomy in the rat caused invariably in the 
reticular zone of the adrenal and sometimes in the intertubular 
spaces of the testis the formation of cells containing yellow pigment 
granules. The nuclei of the cells usually showed varying degrees of 
pycnosis or were absent. Gonadotropic hormone prevented or cor- 
rected these changes in the testis, but failed to have any apparent 
effect upon the pigmented structures in the adrenal. 
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A Comparison of the Potencies of Some Androgenic Sterols. 


D. Roy McCuLLAGH AND B. F. STIMMEL. 


From the Department of Biochemical Research, Cleveland Cline Foundation, 
Cleveland, Ohio. 


This is a report of a study of the relative effects of six synthetic 
androgens* on the combs of capons. Some of these androgens had 
not been assayed previously by the procedure of Gallagher and 
Koch? which, in our hands, has proved to be the most satisfactory 

4 Cutuly, E., McCullagh, D. R., and Cutuly, E. C., Endocrinology, 1937, 21, 241. 

* These substances were supplied through the courtesy of Dr. E. Schwenk of 


the Schering Corporation. 
1 Gallagher, T. F., and Koch, F. C., J. Pharm. and Exp. Therap., 1935, 55, 97. 
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method from the point of view of both convenience and accuracy. 
It must be remembered that the relative potency of these androgens 
would probably not appear to be the same if other biological test 
objects were employed. Since, however, the international andro- 
genic unit has been defined in terms of growth of the capon's comb, 
it is for the present necessary to compare various products by this 
method. 

Since it is known that a single injection of any of these sterols 
produces results which last for a rather short period, it seemed pos- 
sible that some of the testosterone derivatives might have a more 
protracted action and thus prove much more satisfactory for clinical 
use than unmodified testosterone. Two of the critical points in the 
testosterone molecule are the 3 and the 17 carbon atoms since the 
keto and the hydroxy groups are found in these positions. The 
position of the unsaturated linkage also seems to be of significance 
in regard to the activity of these derivatives. The compounds em- 
ployed in this investigation were chosen with these points in view. 

The results of assays by the method of Gallagher and Koch* are 
recorded in Table I. According to this method of study, the forma- 
tion of the oxime definitely decreases the potency of the 2 very 
active compounds testosterone and testosterone propionate. These 
oximes apparently are not readily metabolized to ketones by the 
capon. That the propionate is very active was not surprising since 
it has been formerly shown by Parkes’ and others that, in the rat, 
testosterone propionate and testosterone acetate were many times 
more effective than the free hormone. This is probably due to the 
fact that after absorption the ester is slowly metabolized with the 
formation of the free hormone, thus giving the same effect as the 
frequent administration of hormone. The androstenediol employed 
was the A° androstenediol-3, 17. The fact that a very large dose pro- 
duced only a very small comb-growth cannot be due to the fact that 


TABLE I. 
Results of Assay of the Androgens. 


Average Caleulated 
Daily dose comb-growth micrograms 

per bird in (Corrected per bird 
Androgen used micrograms to 57 mm.) unit 
Androsterone 100 8.4 100 
Testosterone 15 10.1 11 
Testosterone propionate 15 8.0 17 
Testosterone oxime 60 6.0 100 
Testosterone propionate oxime 30 5.8 53 
Androstenediol 250 7.2 310 


2 Parkes, A. S., Lancet, 1936, 2, 674. 
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the double bond is in a different position than that of testosterone 
since the 4* androstenediol-3, 17 has been shown to have little if any 
activity in the capon test. 

It seemed possible that further information might be gained by 
the injection of these compounds in larger single doses. Capons 
were therefore injected with single doses of 10-bird units of each 
substance and the curve of growth and regression was measured. 
In each case the dose was dissolved in one cubic centimeter of sesame 
oil and injected into the pectoral muscles. Five birds were used in 
each test and all substances were tested under the same conditions. 
The results are graphically summarized in Fig. 1. 


THE EFGECT, OF INJECTING A SINGLE | D DOSE OF 
10 BIRD UNITS OF VARIOUS ANDROSENS INTO CAPONS 
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Since there was no sign of activity after the third day, it would 
seem that in every case the material was absorbed and either ex- 
creted or inactivated by that time. In the assay of androsterone by 
the Gallagher and Koch procedure, the injection of one unit on 
each of 5 consecutive days caused a growth of 8.4 mm., whereas 
the greatest growth obtained (using an average of 5 Siete) with a 
single dose 6f 10 units was less than 6 mm. The 2 testosterone 
esters injected in single doses were much more effective than were 
the other compounds. The curves for testosterone, androsterone, 
and androstenediol were either flat or nearly so after the second day, 
the curves for the oxime, the propionate, and the propionate oxime 
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of testosterone all continued to show considerable growth between 
the second and third days. This protracted action would indicate 
that the esters are the more practical compounds for clinical use. 

Summary, Androsterone, testosterone, testosterone propionate, 
testosterone propionate oxime, testosterone oxime, and androstene- 
diol have been compared in regard to their effect on the combs of 
capons. 
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Active Sensitization of White Mice. 


KENNETH L. Burpon. (Introduced by E. von Haam.) 


From the Department of Pathology and Bacteriology, Louisiana State University 
Medical Center, New Orleans. 


According to the only known studies dealing specifically with 
active anaphylaxis in mice, ** a certain number of mice given a 
single prior injection of horse serum may be expected to show ana- 
phylactic reactions when reinjected after the usual incubation period, 
but a higher proportion of the animals will react if 2 sensitizing in- 
jections have been made. In an attempt to attain the maximum 
degree of sensitivity, we gave different groups of normal mice, one 
2, 3, or 4 intraperitoneal or intravenous doses of horse serum or egg 
white. The mice were then tested for sensitivity by the intravenous 
or intraperitoneal injection of the appropriate antigen at varying 
intervals after the last sensitizing dose, but usually after 12-21 days. 

The results observed with mice sensitized to horse serum and 
tested by intravenous doses ranging between 0.5 cc. and 1.5 cc. are 
summarized in Table I. The effect of repeated sensitizing injections 
in increasing the liability to severe anaphylactic reactions seems 
clearly indicated. Only in groups of mice that received 3 or 4 anti- 
gen doses prior to the shocking dose were reactions observed in all 
the animals, and the best results were obtained with mice given 4 
sensitizing inoculations. Severe or fatal reactions occurred in only 
about 40% of mice sensitized by 2 injections, but this percentage 
increased to 89% in the mice sensitized by 4 injections. In the 
latter group occurred the highest proportion of deaths (48%). 

1 Braun, H., Munchener med. Wochenschr., 1909, 37, 1880; Z. f. Immunitats., 
1910, 4, 590. 

2 Ritz, H., Z. f. Immunitats., 1911, 9, 321. 

3 Von Sarnowski, Z. f. Immunitats., 1913, 17, 577. 
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TABLE I. 
Effect of Repeated Sensitizing Injections on Anaphylactic Reactions in White 
Mice.* 


Sensitizing injec- Anaphylactic reactions 

tions (horse serum) Days Total —-.- - SS SS No. 
= _SEsiinen- ss invcev- Fatal Severe Mild symptoms 
No. Amt.androute bation lated No. (%) No. (%) No. (%) No. (%) 


One 0.5¢e. Lp. 21 6 lis) om (S3)) 
0.5¢¢. iv. 23 6 Te Gap, ul (ale 4 (66) 
Two 0.3ce.. i.p. 
0.5¢¢. ip. 9-21 23 1 (ED) 3 ©) 1O. ed) 25 al) 
in 5 days 


0.5ec. iv. 
0.5ee. i.v. 14 Ay (aby a (ey GY ee) 2h (@) 
in 5 days 


0.5e¢. ip. 
1-2¢ce. i.v. 13 13 a (Gaby &@ Gis) & ED) 2 (@s) 
in 21 days 


Three 0.3¢¢. i.p. 
0.5¢¢. i.p. 
0.5¢e. i.v. 14-23 18 1 (6) 8 (44) 9 (50) 
5 days apart 


0.5¢e¢. i.v. 
0.5¢¢. iv. 
in 4 days 31-38 itef 5n(29) 45 (24)8 7 (41) 1 6) 
1-2ee. i.v. 
in 14 days 


Four 0.5¢¢. ip. 
0.5¢¢. ip. 
0.3ce. ip. 12-16 27 iB) (ey al (ab) sh (Gila 
0.1ee. 1p. 
5 days apart 


*ATl mice tested for sensitivity by intravenous injections of from 0.5ce. to 
1.5cc. horse serum 

Intravenous and intraperitoneal injections apparently sensitized 
equally well. 

Essentially similar results were obtained with mice sensitized to 
egg white. 

Sensitivity was demonstrated as early as the 9th day, and was 
shown to persist at least as late as the 40th day, after the last of 
2 or more sensitizing injections. Neither the number nor the sever- 
ity of reactions was apparently influenced by varying the incubation 
period between the 12th and the 23rd day. 

In agreement with the early reports” * it was found that intra- 
peritoneal injection of the test dose of antigen usually produced no 
symptoms at all (Table II), although occasionally a typical fatal 
shock was observed. Intravenous injection of the shock test dose, 
on the other hand, regularly caused some degree of reaction in 
mice that were sufficiently sensitized. These inoculations were made 
into a tail vein, and the typical anaphylactic reactions appeared only 
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when the injection was well done, so that the entire inoculum was 
introduced rapidly into the circulation. 

From the data presented in Table II it is evident that the degree 
of sensitization of the animals was a more important factor in de- 
termining the severity of the reactions than the size of the intra- 
venous shocking dose. The highest percentage of severe illness oc- 
curred among those mice sensitized by 4 intraperitoneal injections 
and tested by an intravenous dose of from 0.5 cc. to 1.0 cc. Of the 
30 mice so treated 15 (50%) died, 12 (40%) were made severely 
ill, and the remaining 10% showed mild but definite reactions. All 
of the 18 mice within this group which were given the 1.0 cc. 
test dose had severe reactions, and 61% of them died in acute shock. 


TABLE II. 
Effect of Size of Shocking Dose and Route of Injection on Anaphylactic Reactions 
in White Mice. 
Number Shocking Anaphylactic reactions 
of dose Total _—————— Ff No. 
previous =——— inocu- Fatal Severe Mild symptoms 
injections cc. route lated No. (%) No. (%) No. (%) No. (%) 
1 0.5 iv. 2 2 (100) 
ZO, 0 ee 6 1b (GY) ak YA 4 ( 66) 
LES ees 4 1 (25) 3 ( 75) 
Pa) 4Y 6 6 (100) 
1-3.5 ip. 10 10 (100) 
2 0.3-0.5 Lv. ii 1 °@) 17109)" 5 (46) 4 ( 36) 
120 See 16 3 (19) 2.53) Lom (62) 1.36) 
aay wy 26 9 (35) 6 (23) 9 (35) 2) eta) 
Pas) 24 2 2 (100) 
1-3.0 ip. 30 1 (3) 7 (23) 22 ( 74) 
8 0.3-0.5 iv. a 5 (56) 3 (33) iL (Cobbs 
LOe 30 7 (23) 8 (27) 15 (50) 
4 O:05mee 4 1 (25) 3 (75) 
Onl a! 5 5 (100) 
0:2 ee 5 5 (100) 
8 4? 5 2 (40) 1 (20) 2 (40) 
04 22 8 3 (38) 4 (50) 1 (12) 
0.513) 2? 8 4 (50) 2 (25) 2 (25) 
Oe 4 3 (75) 1 (25) 
One 18 it (aye 
bi 2 1 (50) 1 (50) 
0.5-1.5  i.p. 12 Ze Elite) 10 ( 83) 


These results apparently represent the best that may be ex- 
pected with mice, at least with the procedures used. Fatal anaphy- 
lactic shock is evidently not surely predictable with any test dose, 
but the great majority of fully sensitized mice will show a charac- 
teristic severe illnes on the intravenous injection of the antigen. 

The reactions in the sensitized mice were shown to be specific, and 
truly anaphylactic in nature, by numerous control experiments. 
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A Note on the Respiration of Bacillus coli.* 


F. L. Wynp. (Introduced by J. Bronfenbrenner. ) 


From the Laboratories of the Department of Bacteriology, Washington University 
School of Medicine. 


The respiration of prepared aliquots of a suspension of Bacillus 
coli has been used extensively in this laboratory for comparing the 
calibration-constants of different Barcroft-Haldane differential man- 
ometers and their culture-vessels. The great accuracy of the ob- 
servations has brought to light an hitherto unreported phenomenon 
in the oxygen-absorption of this organism. 

The suspension of bacteria grown on agar for 18 hours was 
washed off with 10 cc. of broth, filtered through sterile cotton, and 
0.1 cm. of the resulting suspension was placed in the vessel of the 
respirometer after further diluting it with 10 cc. of broth. The 
oxygen-uptake was observed at this final dilution at 37°C. Plating 
showed the cultures to be pure at the end of the experiment. 

It was found that the rate of oxygen-uptake increased loga- 
rithmically, as would be expected, until the culture reached the age 
of about 3 hours and 40 minutes. At this time a new rate was. 
initiated. The course and magnitude of this change is seen in 
Table I and plotted on Fig. 1. Many similar experiments were car- 
ried out, all of which showed the break in the curve at very nearly 
the same age (Table III). 

The results tabulated in Table III were obtained with different 
manometers and in various types of culture-vessels. These experi- 


TABLE I. 
Manometric Data for Fig. 1. 


Time, min. —O :h* Time, min. —0,h* 

95 0.0 240 87.9 
105 5 245 93.0 
115 1.6 255 104.5 
190 34.5 265 116.2 
197 42.6 275 128.8 
205 52.7 285 141.1 
215 67.7 295 152.4 
220 hei 305 156.1 
225 74.8 315 158.6 


poh Caer h — difference in ‘height in millimeters of the meniscus in the 2 arms of 
the manometer. Observations begun after 95 min. 


* This investigation was supported by the grant of the Rockefeller Foundation 
to Washington University for Research in Science. 
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149 


20 


35 : airs 135 55 175 195 2's 235 255 275 295 315 
Time in minutes 
Fie. 1. 
This figure shows the time of the break in the rate of oxygen use of Bacillus 
coli. See Table I for data. 


TABLE II. 
Manometric Data for Fig. 2. 

Time, min. —0,h* Time, min. —0O,h* 
120 0.0 186 56.9 
130 4.7 188 60.0 
135 5.9 190 62.9 
140 6.7 192 65.4 
145 9.0 194 66.8 
150 13.4 196 68.3 
160 24.4 198 69.8 
165 28.7 200 71.4 
175 40.9 210 80.0 
182 50.9 220 89.9 
184 53.8 


*—(0oh — difference in height in millimeters of the meniscus in the 2 arms of 
the manometer. Observations begun after 120 min. 


ments were carried out at irregular intervals over a period of sev- 
eral months during which time many different batches of broth 
were used. 

In order to make sure that the break in the curve would be as 
sudden as manometric readings at 10-minute intervals indicated, 
the readings were made at intervals of 2 minutes. From data pre- 
sented in Table II and plotted on Fig. 2, it may be seen that the 
transition in rates surprisingly occurred within a 2-minute interval. 


RESPIRATION OF BACILLUS COLI 345 


; TABLE III. 
The Age of Various Cultures of Bacillus coli at which the New Rate of Oxygen- 
use is Initiated. All Cultures Carried at 37° C. 


Hours Minutes Hours Minutes 

4 0 3 15 

48 26 
3 25 3 40 
3 45 % 30 
3 30 3 45 
3 40 3 45 
3 55 4 0 
3 45 3 30 
3 PA 3 40 
3 50 


80 
60) 
~R 
io) 
1 40 
20 
Q 
120 140 160 180 200 220 
Time in minutes 
Fig. 2. 
The break in the curve occurs within a 2-minute interval. See Table II for 


data. 


It is obvious from the small magnitude of the change in the rate 
of oxygen-uptake that the highest accuracy in procedure is neces- 
sary for its observation. Errors as small as 2 to 3% would effect- 
ively mask it. The apparatus used was the Warburg waterbath, 
vigorously stirred and the temperature controlled to +.001°C. by 
a vacuum-tube relay. The manometers were made from selected 
glass capillaries of a smooth and even bore. The manometer-fluid 
was triply distilled kerosene stained with Sudan III. Repeated use 
of the present equipment by several workers in this laboratory has 
shown that the oxygen-uptake of a culture may be determined with 
an experimental variation of less than +0.5:%. 

The fact that the culture of Bacilus col exhibits these 2 cycles 
of respiratory activity should be of interest to the students of bac- 
terial respiration. Since conditions do not permit immediate inves- 
tigation of the nature of this phenomenon by the author, it is here 
reported in the hope that others will attempt its elucidation. 


. 
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Influence of Extracts of Anterior Lobe of Pituitary on Glucose 
Oxidation and Glycogen Storage. 


H. S. Meyer, L. J. WapE anv C. F. Cort. 


From the Departments of Pharmacology and Biological Chemistry, Washington 
University School of Medicine, St. Louis. 


It was mentioned previously’ that injection of an anterior lobe 
extract decreased very markedly the amount of carbohydrate ox1- 
dized by normal rats following glucose feeding. The present ex- 
periments were undertaken in order to see what was the fate of the 
glucose which failed to be oxidized. 

Male rats* were fasted for 24 hours and were given an intra- 
peritoneal injection of one cc. of anterior lobe extractt 1%4 to 3 
hours prior to the feeding of a known amount of glucose by 
stomach tube. The respiratory metabolism was measured for 3 
hours after the glucose feeding by the gravimetric procedure of 
Haldane. The animal was then quickly anesthetized by injection of 
pentobarbital. The 2 gastrocnemii were removed for separate gly- 
cogen analyses, a blood sample was drawn from the vena cava, the 
gastrointestinal tract was removed for the determination of the 
amount of glucose which had not been absorbed and finally the entire 
liver was used for glycogen analysis. Details of the analytical pro- 
cedures used are described in a previous paper. Control animals 
were given an intraperitoneal injection of one cc. of extract heated 
previously for 15 minutes in boiling water. In a second series of 
experiments the same extract injections were given and in addition 
0.05 units of insulin per 100 gm. rat were injected subcutaneously 
immediately before the glucose feeding. 

The data in Tables I and II indicate that the animals injected with 
the active extract oxidized less glucose and deposited more liver and 
muscle glycogen than did the controls injected with the heat-inac- 
tivated extract. The amounts of liver and muscle glycogen and blood 
sugar present before the glucose feeding were determined in a series 
"1 Fisher, BR. E,, Russell, J. A., and Cori, C. F., J. Biol. Chem., 1936, 115, 627. 


*The rats used were of the Wisconsin strain and were obtained through the 
courtesy of Dr. Neff of Anheuser-Busch, Inc., after having been used for vitamin 
B assay. 

+ The extract was prepared by L. J. Wade from beef anterior lobes by the 
method of Evans, Cornish and Simpson.2 The same extract was used for all 
experiments; it was kept frozen in small individual bottles until used. 


2 Evans, H. M., Cornish, R. E., and Simpson, M. E., Proc. Soc. Exp. Bion. AND 
Mep., 1930, 27, 101. 
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TABLE I. 
Average Values Obtained 3 Hours after Glucose Feeding. 


Liver Muscle 
Body Liver Blood glyco- glyco- Ogused Respira- 
No.of wt., wt., sugar, gen, gen,* cc./100 tory 
rats gm. gm. mg. % Jo mg. % gm./hour quotient Remarks 


9 120 5.89 204 2.99 940 188 .774 1 ee. active 
+0.55 145 extract 
7 130 5.95 125 2.24 798 175 .879 1c. heated 
+0.23 +150 extract 
6 126 5.75 171 3.48 939 196 .775 1 ee. active 
+0.38 0 extract 
plus .05 
units 
insulin 
7 128 5.72 125 2.69 887 162 .898 1c. heated 
S=Osod +142 extract 
plus .05 
units 
insulin 


* Average of right and left gastrocnemius. 


TABLE II. 
Caleulated from Table I. All values are given in mg. per 100 gm. rat per 3 hours. 
eee ao 


Glucose retained in 


Se 
Blood and % 
No. of tissue Glucose Glucose accounted 
rats fluids Liver Muscle oxidized Total absorbed for 
9 57 142 253 147 599 940 63.7 
iG 17 98 182 387 684 933 73.3 
6 40 154 252 159 605 884 68.4 
if ile 116 226 405 764 945 80.8 


of control animalst fasted previously for 24 hours. The average 
values of 0.1% liver glycogen, of 434 (+52) mg. % muscle glyco- 
gen and of 90 mg. % blood sugar, when deducted from the corre- 
sponding values in Table I, permit a rough estimate to be made of 
the percentage of absorbed sugar that is accounted for by oxidation 
plus glycogen storage. In this calculation it is assumed that the 
muscles constitute 50% of the body weight and that the blood sugar 
is in equilibrium with 50% of the body weight. The percentages 
thus accounted for are entered in the last column of Table IT; they 
are shown for comparative purposes only and are not meant to rep- 
resent a balance for which a determination of glycogen deposition 
in the entire musculature and in tissues other than muscle would 
be required. Urinary excretion of sugar was determined in some 
animals but was found to be negligible. 


t Some of these animals were injected with one ec. of active extract one hour 
before the sampling of the tissues with no apparent effect on the glycogen levels. 
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The blood sugar level and the O, consumption were higher in the 
rats injected with active extract than in the controls. The dose of 
insulin injected produced in both groups of animals only slight 
changes in carbohydrate oxidation and glycogen storage. 

Summary, Rats fasted for 24 hours, when injected intraperi- 
toneally with one cc. of anterior lobe extract shortly before glucose 
feeding, show a marked decrease in the amount of carbohydrate 
oxidized and a corresponding increase in the amount of glycogen 
deposited in liver and muscles, when compared with control rats 
treated exactly alike and injected with 1 cc. of heat-inactivated 
extract. 
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Relative Effectiveness of Iodine in Thyroxin, Diiodotyrosine, and 
Potassium Iodide in Inducing Metamorphosis in Amphibia.* 


ALLEN LEIN. (Introduced by Bennet M. Allen.) 
From the Department of Zoology, University of California, at Los Angeles. 


It has been demonstrated repeatedly by several workers that the 
tadpole test for thyroid is an extremely sensitive one, and this 
method has been used extensively in determining the amount of 
thyroid-like activity in various substances. Using this test, Swingle,* 
in a series of publications, advanced evidence which indicated that 
iodine appeared to function independently as a hormone without 
the intermediation of the thyroid gland. This hypothesis received 
confirmation from the work of several additional experimenters. 
Among the iodine-containing compounds used in these tests, thy- 
roxin and diiodotyrosine, due to their chemical similarity, were con- 
sidered to be of particular significance. It was shown that thyroxin 
and diiodotyrosine produce the same physiological response quali- 
tatively but that the former is much more active than the latter.” * 

The present work was undertaken in order to obtain quantitative 
data on the relative effectiveness, per unit of iodine, of thyroxin, 


* The writer wishes to express his gratitude to Prof. B. M. Allen and Mr. Boris 
Krichesky for suggesting this problem and for their many valuable suggestions 
throughout this work. 

1Swingle, W. W., Hndocrinol., 1918, 2, 283; J. Hap. Zool., 1919, 27, 397, 417; 
Science, 1922, 56, 720; Proc. Soc. Exp. Bion. AND MEp., 1926, 24, 205. 

2Gaddum, J. H., J. Physiol., 1927, 64, 246. 

3 Romeis, B., Klin. Wochensch., 1922, 1, 1262. 
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diiodotyrosine, and an inorganic iodine compound, potassium iodide. 
It was believed that such data would indicate the degree to which the 
action of iodine is dependent on the remainder of the molecule in 
which it is a constituent. 

The test animals used in this work were 270 Bufo halophilus 
larvae which were selected so that there was a maximum variation 
of 3 mm. in body length and 5 mm. in total length; posterior limb 
buds measured 0.3 mm. or less. These animals were divided into 
4 general groups: (1) controls, which were immersed in fresh, 
previously aerated tap water; (2) animals immersed in a thyroxin 
solution prepared to a concentration of 1 gm. thyroxin to 50,000,000 
cc. of water (this solution was used as a standard throughout the 
experiment); (3) animals immersed in diiodotyrosine solutions 
prepared to have iodine concentrations ranging from that of the 
standard thyroxin solution to 400 times that of the standard thy-- 
roxin solution; (4) animals immersed in solutions of potassium 
iodide prepared to have iodine concentrations ranging from that of 
the standard thyroxin solution to 100 times that of the standard 
thyroxin solution. Extreme precaution was taken to avoid con- 
tamination and to maintain conditions as constant as possible. All 
solutions were made with previously aerated water; no food was 
given to the animals during the course of the experiment; and solu- 
tions were changed every 2 days throughout the 12-day period dur- 
ing which the animals were exposed to the iodine containing sub- 
stances. Measurements of body length and total length of each 
animal were made at the beginning and end of the experiment, and 
measurements of the posterior limbs were made microscopically 
with the aid of an eye-piece micrometer. 

Measurements indicated that, in accordance with the work of 
Allen,* extremely dilute solutions of thyroxin will induce preco- 
cious metamorphosis. The posterior limbs of the animals immersed 
in the standard thyroxin solution attained a length of 2.34 mm. as 
compared with 0.43 mm. in the controls. A diiodotyrosine solution 
having an iodine concentration equal to that of the standard thyroxin 
preparation had no measurable thyroxin-like activity. The most 
dilute solution of diiodotyrosine exerting a small but definite stim- 
ulus toward metamorphosis in the tadpoles was one having an iodine 
concentration 20 times greater than that present in the thyroxin 
used, and this stimulus toward metamorphosis increased with an in- 
crease in concentration of diiodotyrosine. Thus, tadpoles immersed 
in diiodotyrosine solutions having 300 times the amount of iodine 


4 Allen, B. M., Anat. Rec., 1932, 54, 45. 
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present in the standard thyroxin solution exhibited marked indica- 
tions of metamorphosis which were comparable to those produced 
by the standard thyroxin solution. The posterior limbs of the 
animals immersed in this solution of diiodotyrosine grew to an 
average length of 2.04 mm. as compared with 2.34 mm. in the 
animals treated with thyroxin. Potassium iodide, in the concen- 
trations used, showed no thyroxin-like properties. That this com- 
pound lacks this characteristic, however, is not a necessary conclu- 
sion for, as Swingle (1919) has indicated, still higher concentra- 
tions over greater periods of time may produce the desired effect. 
Experiments which may yield quantitative data on this question are 
now being planned in this laboratory. On the basis of the data 
now on hand, however, it may be said that iodine in diiodotyrosine 
is probably more than 5 times as active as that in potassium iodide. 

Summary, Iodine as it occurs in thyroxin is over 300 times as 
effective in inducing precocious amphibian metamorphosis as that 
occurring in diiodotyrosine. The iodine in diiodotyrosine, however, 
is far more active than that included in potassium iodide. 
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Utilization of Ketone Bodies by the Tissues in Ketosis. 


RicHARD H. BARNES AND D. R. Drury. 


From The Scripps Metabolic Clinic, La Jolla, California, and Department of 
Physiology, University of Southern California School of Medicine. 


The work of Chaikoff and Soskin* and Mirsky’? has shown very 
definitely that the ketone bodies are produced only in the liver. Are 
the ketone bodies so formed utilized by the tissues in nutritional 
conditions giving rise to ketosis? This note deals with this question. 

A male human was kept on a ketogenic diet for several days. 
After a definite ketonuria had developed (5 gm. ketone bodies per 
day), food was withheld during the morning and blood ketone con- 
centrations at 7 A. M. and 11 A. M. were determined (the first 
blood 12 hours after the previous meal). The 7 A. M. blood con- 
tained 26.6 mg. ketones %, the 11 A. M. sample 10.3. The exper- 
iment was repeated on 2 other mornings with the following results: 

1. Blood ketones 7:20 A. M. 26.4, 11 A. M. 9.5. 


1 Chaikoff, I. L., and Soskin, S., 4m. J. Physiol., 1928, 87, 58. 
2 Mirsky, A., dm. J. Physiol., 1936, 116, 110. 
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2. Blood ketones 7:50 A. M. 35.9, 12 Noon 8&8. 

The results of Chaikoff and Soskin indicate that the ketone 
bodies diffuse very readily throughout the tissues of the body, so 
that we may assume that the subject (wt. 70 kilos) had at least 50 
liters of water in his body carrying the ketones bodies in the same 
concentration as the blood. On this assumption the amount of 
ketones disappearing from the body during the mornings cited 
must have been (difference in concentrations of the blood ketones 
X 50 liters), 8.15 gm., 8.45 gm., 13.5 gm. The ketone output in 
the urines of these periods was 472 mg., 278 mg., 538 mg. This 
suggests a very considerable utilization of ketones by the tissues 
under a definitely ketogenic condition—averaging 2.44 gm. per 
hour, and does not include what might have been produced concur- 
rently by the liver. All the foregoing estimations were carried out 
by the methods of Van Slyke (urine) and Van Slyke and Fitz 
(blood). 

To obtain data bearing on the total tissue utilization arterio- 
venous ketone-body differences were determined in various condi- 
tions which give rise to definite ketosis. The estimations were car- 
ried out by the Barnes method.* The figures indicate the total 
ketone bodies expressed as mg. acetone per 100 cc. blood. 


TABLE I. 
Species Condition Arterial Blood Venous Blood 
Man Ketogenic diet 2 days, fasting 20 hr. 3.3 2.4 
2) aie 2) ”) >? ded Le eed 4,4 ay 
2?) 9? a) 3 9 2) Dae, 17.3 14.1 
Dog 2 days fast and phloridzin 3.2 1.9 (Femoral) 
2.5 (Jugular) 
2 7h RAS EEA vs 19.3 17.7 (Femoral) 
17.7 (Jugular) 
9?) ede a) 2) ) 9? 14.0 11.8 
ee Depancreatized without insulin 30 hr. 3.5 2.9 
9) 2) 2) 2?) Nr de ded 3.7 3.5 
Rabbit Fasting and injection of ketogenic extract 
of ant. pituitary 7.2 6.5 


The differences are significant, since for man an arterio-venous 
difference of 1 mg. % and a tissue blood flow of 5 liters per min. 
would indicate a utilization of 3 gm. ketones per hour. This is of the 
same order of magnitude as the figure given above. The oxidation of 
such an amount would give rise to considerable energy and would 
represent an appreciable fraction of the total metabolism. We may 
conclude then that the mechanism: conversion of fats to ketones by 
the liver and oxidation of this by the tissues, may account for an 


3 Barnes, R. H., Proc. Soc. Exp. BIOL. AND Mep., 1937, 86, 352. 
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important amount of the metabolism of individuals having ‘‘ketosis”. 
It follows that this mechanism of fat utilization could operate when 
the body is oxidizing fat without showing ketosis. 


9228 P 
A Method for Determination of Blood Acetone Bodies. 


Ricuarp H. Barnes. (Introduced by Eaton M. MacKay.) 
From the Scripps Metabolic Clinic, La Jolla, California. 


A satisfactory method for the determination of the acetone bodies 
in blood at low levels or suitable for use with small volumes of blood 
has not hitherto been available. An attempt has been made to de- 
vise a method which combines the sensitivity of the iodine titration 
(Hubbard’s Method) with the specificity of the Denigé’s-Van Slyke 
method. In this method the ketone bodies are precipitated as in 
Van Slyke’s method, this precipitate is freed from contaminating 
material by washing, it is dissolved in acid and is distilled with heat 
into alkaline iodine which can be titrated with thiosulfate. Oxida- 
tion of the ketones is carried out in a large centrifuge tube with a 
small volume of liquid, which allows the acetone precipitate to form 
with very small quantities of acetone. Barium chloride is added 
and the fine barium sulfate precipitate helps to prevent the loss of 
the acetone mercuric sulfate precipitate when decanting. 

Briefly the procedure is as follows: 2 cc. of oxalated blood is lyzed 
with 14 cc. water in a 50 cc. centrifuge tube and 14 cc. of mercuric 
sulfate solution (as in the Van Slyke method*) added with shaking. 
After standing an hour this is centrifuged and the supernatant liquid 
filtered. Ten cc. of filtrate* is placed in a special centrifuge tube 
with a ground glass joint and 4 cc. of a solution added which con- 
tains per 100 cc.: 70 cc. of the above mentioned mercuric sulfate 
solution, 20 cc. of 50% sulfuric acid, and 10 cc. of water. Con- 
nected by the glass joint to a reflux condenser this mixture is boiled 
for 90 minutes. As soon as boiling has commenced 0.5 cc. of 5% 
potassium dichromate is added. The tube is then cooled, 3-4 drops 
of 10% barium chloride is added and then centrifuged at high speed 
for 10 minutes and the supernatant liquid carefully poured off. 


1 Peters and Van Slyke, Quantitative Clinical Chemistry, 625. 
* Filtrates prepared in this manner from diabetic blood. must be treated 
further for the high sugar present. 
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TABLE I. 
Recovery of Acetone from Pure Acetone Solutions and Following the Oxidation 
of g-hydroxy-butyric Acid (Racemic). 


Acetone g-hydroxy-butyrie acid 
(= ee (aca a a’ 
Mg. % by 
Presentmg. 9% recovered Van Slyke method % recovered 
.0178 71.4 3.96 75.8 
.0378 73.6 11.75 73.1 
-0550 74.6 24.1 79.3 
.0735 70.1 36.1 77.0 
.0770 71.2 59.1 1USD 
.0910 73.6 
-0960 76.0 
.1098 74.5 
.1543 76.6 
.1704 75.0 
1931 74.9 
Aver. 73.9 76.6 


Five cc. of 10% sodium hydroxide is used to wash the precipitate 
and decanted after centrifuging. Ten cc. of 20% hydrochloric 
acid is added and the tube connected by a ground glass joint to a 
distilling condenser, the delivery tip of which dips below the surface 
of an excess of iodine (.001 N) made alkaline with 5 cc. of 40% 
sodium hydroxide. After distillation of almost all the liquid in the 
special tube, the receiving flask solution is acidified with 50% sul- 
furic acid and the excess iodine titrated with thiosulfate. In Table 
I is shown the recovery of acetone from pure solutions (747% ) and 
from the Denigé’s-Van Slyke precipitate formed by the oxidation 
of B-hydroxy-butyric acid (76%). Recovery of these substances 
when added to ketone-free blood is essentially the same. Until more 
information as to the relative concentrations of the various acetone 
bodies in the blood in ketonemia is available we are expressing our 
results as acetone, and using the factor 1.33. 
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Early Effect of Total Thyroidectomy in a Case of Polycythemia 
vera (Vaquez-Osler Syndrome). 


Louts R. Limarzi, Ropert W. KEETON AND LINDON SEED. 


From the Department of Medicine, College of Medicine, University of Illinois, 
Chicago. 


Up to the present time the etiology of polycythemia vera has not 
been clarified nor have the methods of treatment proposed met 
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with lasting success. It is generally agreed (Vaquez' and Osler”) that 
the hematopoietic tissues are primarily at fault. One group of 
workers look upon erythremia as a neoplasm of the bone marrow 
(Minot and Buckman®), another as an excessive response to agents 
formed in the liver, stomach (Marshall* and Morris’), and endo- 
crine organs (Gunther,? Moehlig and Bates,’ and others), and a 
third group visualizes the disease as an anoxemic response induced 
by subintimal and advential fibrosis in the arteries and arterioles of 
the bone marrow (Reznikoff, Foot and Bethea*). 

In polycythemia the patho-physiological changes in the peripheral 
blood are characterized by an increase in the number of red blood 
cells per cmm., an increase in the hemoglobin, an increase in the 
volume of packed cells with a corresponding decrease in plasma 
volume (hematocrit reading) and an increase in the total circulating 
blood volume. 

When one searches for a means of correcting this anomaly, the 
state of myxoedema presents itself. It has been shown (Minot,” 
Emery,’® Mackenzie,? and Stone’?) that anemia is a frequent if 
not constant finding in myxoedema; and there is abundant evidence 
(Tatum, Lim,* and Kunde**) to indicate that the abolition of 
thyroid function would depress erythropoiesis. Myxoedema is also 
associated with a decreased blood volume (Thompson,*® Goldbloom 
and Libin’?). It seemed, therefore, a rational therapeutic procedure 
to subject a patient with polycythemia vera to a total thyroidectomy. 
This has been done and the results are here reported. 

The patient’s complaints were those usually encountered in this 


1 Vaquez, M. H., Comp. rend. Soc. de biol., 1892, 44, 384. 
2 Osler, William, Am. J. Med. Sc., 1903, 126, 187. 
3 Minot, George R., Buchman, Thomas E., Am. J. Med. Sc., 1923, 166, 469. 
4 Marshall, L. H., Am. J. Physiol., 1935, 114, 194. 
5 Morris, R. S., Schiff, L., and Foulger, M., J. Med., 1932, 13, 318. 
6 Gunther, H., Endocrinology, 1930, 14, 184. 
7 Moehlig, R. C., and Bates, G. S., Arch. Int. Med., 1933, 51, 207. 
8 Reznikoff, Paul, Foot, Nathan C., and Bethea, James M., Am. J. Med. Sc., 
1935, 189, 753. 
9 Minot, George R., Med. Clinics North America, 1921, 4, 1733. 
10 Emery, Jr., E. S., Am. J. Med. Se., 1923, 165, 577. 
11 Mackenzie, G. M., J. A. M. A., 1926, 136, 462. 
12 Stone, C. T., Ann. Int. Med., 1928, 11, 215. 
13 Tatum, A. L., J. Hap. Med., 1913, 17, 636. 
14 Lim, R. K.'8., Sarhar, B. B., and Jane, P. H., Brown, Grahem, J. Path. and 
Bact., 1922, 25, 228. 
15 Kunde, M. M., Am. J. Physiol., 1932, 99, 469. 
16 Thompson, W. O., J. Clinical Invest., 1925-26, 2, 477. 
17 Goldbloom, A. Allen, Libin, Isaiah, Arch. Int. Med., 1935, 55, 484. 


TotaL THYROIDECTOMY IN POLYCYTHEMIA VERA 355 


disease, headache, dizziness, fullness in the head, flushing of the 
face with cyanosis of lips, hands and feet, weakness, dyspnoea, 
nausea and occasional attacks of vomiting. The appearance of the 
patient, the engorgement of retinal veins, enlargement of the spleen, 
and the hematological studies completed the diagnosis. 

The oxygen consumption values prior to thyroidectomy, as de- 
termined by breathing oxygen (Benedict-Roth apparatus) on 4 dif- 
ferent days were plus 23, 22, 33, and 25%. On 3 other days using 
the Tissot gasometer and the gas analysis method values of plus 26, 
22, and 35% were obtained. The cholesterol was 116 mg. %. 
Fifteen months after thyroidectomy the oxygen consumption grad- 
ually fell until it reached a value of minus 30%. 

At this time the blood cholesterol was 250 mg. % and the clinical 
picture that of myxoedema. 

The hematological changes which have occurred in the fifteen 
months period may be summarized as follows: 

The hemoglobin values (gm. per 100 cc.) prior to thyroidectomy 
were 21, 21.5, and 19.0; and afterwards 20, 19, 19. The erythro- 
cytes decreased from 8.25, 8.62 and 8.89 (millions) to 6.58, 6.32, 
and 6.50 (millions). The mean corpuscular volume values (Win- 
trobe) of 89, 92, 85.4 have not been changed significantly, but re- 
main (94.2, 98.1, 95.3) at the upper limit of normal. 

The mean corpuscular hemoglobin (mmgr.) has increased from 
a somewhat lower than normal value of 25.5, 24.8, 21.3 to a normal 
value of 30.4, 30.0, 29.2. With a reduction in the number of red 
cells there has occurred a return to normal of the hemoglobin load 
of the individual cells. 

The mean corpuscular hemoglobin concentration, which is a 
function of the volume of packed cells has increased from 27.6, 
26.1, 25.0% to 32.3, 30.0, 30.5%, but remains below the normal 
value, 35%. The white blood, the differential, and the reticulocyte 
counts have not been altered. 

The volume changes have been most interesting and significant. 
The total plasma volume of 1927 cc. (1114 cc. per sq. meter sur- 
face) has increased to 2436 cc. (1350 cc. per sq. m.). If this is 
compared with an average normal value of 2090 cc. (1303 cc. per 
sq. m.) obtained in the case of 6 females in our laboratory, it will 
be seen that the plasma volume (per sq. m. surface) prior to thy- 
roidectomy was somewhat below normal, but that it has now reached 
normal. 

The hematocrit has dropped from 82% to 62%, but it has not 
as yet reached normal (44%). The blood volume has decreased 
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from 10706 cc. (6187 cc. per sq. m.) to 6447 cc. (3581 cc. per sq. 
m.). Since this is a function of the hematocrit the values would 
remain elevated until the hematocrit becomes normal. 

The total circulating hemoglobin of 2194.73 gm. has been re- 
duced to 1224.96 gm. This visualizes more clearly the effect of 
total thyroidectomy on erythropoiesis and hemoglobin formation 
than do hemoglobin concentration studies. It is probable that the 
patient’s relief from symptoms is attributable to this reduction. 

Conclusions. (1) All the alterations in the blood following a 
total thyroidectomy in a case of polycythemia vera are in the direc- 
tion of normal. Normal values for total blood plasma, mean cor- 
puscular hemoglobin (y, y) and mean corpuscular hemoglobin con- 
centration have been attained. Although the concentration of hemo- 
globin per 100 cc. has remained unchanged the total circulating 
hemoglobin has been reduced to 56%. The other changes (hema- 
tocrit, total blood volume) are so striking as to be significant. 

(2) The patient has been relieved of her former symptoms. 
Her present complaints are due solely to the myxoedema. No at- 
tempt has been made to control these as this would defeat the experi- 
mental objective.* 
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Studies Relating to Time of Human Ovulation. II. During 
Lactation. 


RAPHAEL KurzROK, Paut M. Lass AND JANE SMELSER. 


From the Departments of Obstetrics and Gynecology and Biochemistry, the Sloane 
Hospital for Women, the College of Physicians and Surgeons, Columbia University. 


It is a well known clinical fact that in the absence of any contra- 
ceptive measures, some women will become pregnant during their 
period of lactation while others will not. This has led to the con- 
clusion that ovulation occurs in the former group but not in the 
latter. The frequency of ovulation in lactating women who are 
having catamenia at regular intervals is at present unknown. The 
following study was undertaken in order to shed some light on the 
subject. 

A group of patients reporting to the postpartum clinic of the 


* The authors wish to thank Doctors Ford K. Hick and M. H. Streicher for 
technical assistance in completing some of these studies. 
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Sloane Hospital was chosen. Each patient was nursing regularly. 
Endometrial biopsies were taken at 4-week intervals by means of a 
modified Klingler and Burch’ suction curette (Kurzrok’). On the 
basis of this biopsy a diagnosis was made of the phase of the men- 
strual cycle. The presence of a premenstrual endometrium implies 
that ovulation has taken place and that we are dealing with an ovu- 
latory cycle. On the contrary, the demonstration of a proliferative 
endometrium within 10 days of the succeeding flow implies an ab- 
sence of ovulation or an anovulatory cycle. One of us (R. K.) has 
previously shown® that the limits of ovulation during a regular 
28-day cycle lie between the 9th and the 21st day of the cycle, with 
the greatest probability that ovulation will occur between the 12th 
and 14th day. The first day of bleeding records the first day of the 
cycle. 

Thirty cases were chosen and more than 125 biopsies have been 
obtained. Of these one case had 9 consecutive monthly biopsies, 
one case had 8, 2 had 7, 2 had 6, 5 had 5, while 3 cases had 4, 9 had 
had 3, and the 7 remaining cases have had at least 2 biopsies taken. 
The spotting that occasionally resulted from a biopsy never lasted 
more than a few hours. (We have taken to date more than 1500 
biopsies with only one slight accident. ) 

In Table I the diagnosis of the menstrual phase was made for 
each biopsy; the figure to the left gives the number of days since 
the previous flow (to the time the biopsy is taken), and the figure 
to the right the number of days before the next period. Thus, 
27) P (1, means a biopsy was taken 27 days after the last flow and 
one day before the next flow. A proliferative endometrium 1 to 10 
days before the flow implies an absence of a corpus luteum, hence an 
absence of ovulation, therefore an anovulatory cycle. Two pa- 
tients (6 and 28) stopped having periods while they were under 
observation. Thus 86) P means that a proliferative endometrium 
was found on the 86th day since the last period of bleeding, no 
catamenia having occurred during this time. 


Conclusions. Thirty lactating women studied during their post- 
partum period had 106 fairly regular cycles. Thirty-nine cycles 
were ovulatory in character, hence fertile. Forty-five cycles were 
anovulatory or sterile, hence the bleeding at the end of each cycle 
was not true menstruation for it did not come from a premenstrual 


1 Klingler, H. J., and Burch, J. C., J. A. M. A., 1932, 99, 559. 
2 Wilson, L., and Kurzrok, R., Am. J. Obs. and Gyn., 1936, 31, 911. 
3 Kurzrok, R., Kirkman, I., and Creelman, M., Am. J. Obs. and Gyn., 1934, 


28, 319. 
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endometrium. There were 22 cycles of doubtful interpretation, by 
which we mean that 10 or more days elapsed between the date of 
the biopsy and the onset of the next period of bleeding. Ovulation 
could, therefore, potentially occur between the date of biopsy and 
the onset of the flow. Forty-two to 63% of the lactating women 
who bleed at fairly regular intervals have anovulatory or sterile 
cycles. 
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Crystallization of Liver Fraction Protecting Against Necrosis 
from Carbon Tetrachloride or Chloroform Administration. 


J. C. Forspes aND JEANETTE S. McConneELv. (Introduced by H. 
B. Haag.) 


From the Department of Biochemistry, Medical College of Virginia, Richmond, 


We have reported* ? on the use of a liver preparation in the pre- 
vention of liver necrosis from carbon tetrachloride or chloroform 
administration. At this time we wish to report a method for the 
preparation of this active principle in a crystalline form. 

A concentrated aqueous extract of hog liver representing approxi- 
mately 10 gm. per cc., from which the heat coagulable materials 
have been removed, is warmed in a water bath to a temperature of 
approximately 60°C. To each 1000 cc. of this solution 2400 cc. of 
ethyl alcohol of about the same temperature is added with stirring. 
The precipitate which forms is filtered off after cooling and 2000 
cc. of a saturated aqueous solution of ammonium sulfate added to 
the filtrate. The solution is then thoroughly shaken. On standing 
it separates into 2 layers: above, an alcoholic layer and below, a 
watery layer containing a great deal of precipitated ammonium 
sulfate. The upper layer is syphoned off and 1500 cc. of alcohol 
added to it to precipitate excess ammonium sulfate. The solution is 
filtered after being cooled in a refrigerator for several hours. The 
filtrate is then evaporated under reduced pressure to approximately 
170 cc. It is then placed in a refrigerator and cooled over night. 
The precipitate is separated by centrifuging and washed in the 
centrifuge tubes, first with about 60 cc. of ice cold water and then 


1 Forbes, J. C., and Neale, R. C., Proc. Soc. Exp. BIOL. AND Mep., 1936, 34, 


319. 
2 Forbes, J. C., Neale, R. C., and Scherer, J. H., J. Pharm. and Eup. Therap., 


1936, 58, 402. 
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with approximately 40 cc. of cold alcohol. The residue is sus- 
pended in 40 to 60 cc. water, depending upon the amount present, 
and concentrated sodium hydroxide added drop by drop with thor- 
ough mixing until needle-like crystals separate out or form 
when a drop of the solution is placed on a microscope slide and 
allowed to evaporate slightly. As a rule a satisfactory pH is ap- 
proximately 9.3. After the correct amount of alkali is added the 
solution is set aside in a refrigerator for a number of hours and 
then filtered with suction. The crystalline material may be recrys- 
tallized from warm water in which it is soluble to the extent of about 
30 mg. per cc. Hot water converts it slowly into an insoluble form. 

The pure crystalline material is almost snow white. It gives a 
strong murexide test. It is precipitated by silver nitrate, picric acid, 
metaphosphoric acid, phenol and tricresol. Its chromogenic activity 
with Folin’s uric acid reagent is approximately 1/350 that of uric 
acid. The nitrogen content of a sample recrystallized from water 
several times and dried at 125°C. for 24 hours was found to be 
27.42%. These properties indicate that the substance is a purine 
derivative but apparently different from any previously reported. 

The crystalline material when injected subcutaneously in doses 
of 100 mg. per 100 gm. of rat weight affords excellent protection 
against carbon tetrachloride or chloroform poisoning. Owing to its 
relatively low solubility in water we usually administer it, partly in 
solution and partly in suspension in concentrations of 50 mg. per cc. 
Also, in order to afford ample time for absorption, the animals are 
protected as a rule 18 to 24 hours prior to the time of acute poison- 
ing. This crystalline material has also been used quite successfully 
in the prevention of cirrhosis from chronic carbon tetrachloride 
poisoning. 

The nitrogen value was kindly supplied by Dr. R. C. Neale, Bio- 
chemical Research Foundation, Philadelphia, who is studying the 
chemical structure of the material. Frozen livers were used alto- 
gether in this investigation. 
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Effect of Adrenal Cortical Hormone on Renal Excretion of 
Electrolytes in Normal Subjects. 


GrEorGE W. TuHorn.* (Introduced by G. A. Harrop.) 
(With the technical assistance of Irving Miller.) 


From the Chemical Division, Medical Clinic, Johns Hopkins University and 
Hospital. 


The effect of the adrenal cortical hormone on the renal excretion 
of electrolytes in normal human subjects has been described." A 
marked alteration in the renal excretion of sodium and potassium 
was noted during a 5-hour period in which the subjects received 
adrenal cortical hormone intravenously ; little or no effect was ob- 
served on the subsequent 24-hour excretion. Subcutaneous injec- 
tions of hormone in a quantity sufficient to produce a change in the 
sodium and potassium balance of patients with Addison’s disease 
did not affect the balance of electrolytes in normal subjects. It 
seemed probable that repeated injections of larger quantities of hor- 
mone might produce a significant alteration in the 24-hour renal 
excretion. 

In the present study the effect of repeated intravenous injections 
of hormone} on the 24-hour renal excretion of 3 normal subjects 
has been observed. 

Three subjects (F. D., female, 14 years of age; D. W., female, 
29 years of age; G. W., male, 31 years of age) were provided with 
a diet of constant mineral composition and a constant fluid intake. 
The subjects had been maintained on a constant metabolic regime 
for other purposes during a period of 3 to 4 weeks immediately 
preceding this investigation. 

The 24-hour urine collection was completed at 7 A. M. The sub- 
jects were injected intravenously with adrenal cortical hor- 
mone (500 dog units) at 8 A. M., 12 M., 6 P. M. and lie PyM. (An 
amount of normal saline solution equivalent to the sodium chloride 
content of the extract was injected during the 24-hour control period. 

The preparation of the diet and the methods used for deter- 
mining the sodium, chloride, phosphate and total nitrogen content 


* Rockefeller Fellow in Medicine. 

1 Thorn, G. W., Garbutt, H. R., Hitchcock, F. A., and Hartman, F. A., Proc. 
Soc. Exp. Bion. AND MeEpD., 1936, 35, 247. 

+Adrenal cortical hormone used in this study was generously supplied by 
Doctor David Klein of the Wilson Laboratories, Chicago, Ilinois, and by Doctor 
George F. Cartland of the Upjohn Company, Kalamazoo, Michigan. 
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of both diet and urine specimens have been described.’ Potassium 
determinations were made according to the method of Shohl and 
Bennett? on specimens ashed with thorium nitrate.* Calcium was 
analyzed according to the method of Tisdall and Kramer.° The 
method of Briggs® was used for the determination of magnesium. 
Total base was calculated as the sum of the individual cations, de- 
termined separately. 

The injection of adrenal cortical hormone resulted in a marked 
decrease in the excretion of sodium in all subjects. Diminished urine 
volume and chloride excretion were associated with the reduced 
output of sodium. During the period of hormone administration 
the concentration of sodium in the urine was actually reduced; the 
concentration of chloride was not altered significantly. In contrast 
to the decreased sodium, chloride and urine output, the excretion 
of potassium was increased during the period of hormone injec- 
tion. No consistent alteration occurred in the renal excretion of 
either calcium or magnesium. r 

The total base content of the urine decreased during the period of 
hormone injection. Asa result of the diminished urine volume and 
the increase in the excretion of potassium, however, the concentra- 
tion of total base was increased. 

The excretion of inorganic phosphate was increased in 2 sub- 
jects during the period of hormone administration. Total nitrogen 
excretion was not altered significantly. 

On the day following injection of the hormone, excretion of 
sodium was greatly increased in all subjects. Potassium excretion 
was reduced during the same period. This complete alteration in 
the sodium and potassium excretion on the day following hormone 
injection has been observed to occur in normal dogs injected with 
adrenal cortical hormone.’ The change might be described as a 
“rebound” phenomenon. 

The injection of hormone was accompanied by a slight gain in 
body weight (0.1 to 0.3 kg.) in all subjects. A comparable weight 
loss occurred on the day subsequent to hormone administration. The 
hormone had no demonstrable effect on the loss of insensible water{ 


2 Thorn, G. W., Garbutt, H. R., Hitchcock, F. A., and Hartman, F. A., Endo- 
crinology, 1937, 21, 202, 213. 

3 Shohl, A. T., and Bennett, H. B., J. Biol. Chem., 1928, 78, 643. 

‘Strauss, M., J. Biol. Chem., 1937, 118, 331. 

5 Tisdall, F. F., and Kramer, B. J., J. Biol. Chem., 1921, 48, 1. 

6 Briggs, A. P., J. Biol. Chem., 1924, 59, 255. 

7 Harrop, G. A., and Thorn, G. W., J. Exp. Med., 1937. (In press.) 

¢ The loss of insensible water has been approximated by measuring the redue- 
tion in body weight which occurred during a 10-hour period (9 P.M. to 7 AMS) 
correction being made for the weight of ingesta and exereta. 
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in subject F. D. (Table 1). The greater loss which was observed 
during the control period following hormone injection was within 
previously noted daily variation. 

No untoward reaction has been observed during the intravenous 
injection of quantities of hormone as large as 30 cc. (3,000 dog 
units). In experimental studies on human subjects the hormone 
has been injected intravenously since the subcutaneous injection of 
large quantities of extract is painful. The transitory action of the 
hormone following its intravenous administration necessitates re- 
peated injections throughout the 24 hours to produce a continued 
effect. 

It is particularly significant that sodium was the only substance 
studied which was reduced both in total amount and concentration 
during the period of hormone injection. Chloride excretion was 
reduced but the concentration of chloride in the urine was not altered 
significantly. The injection of hormone was associated with an 
increased excretion of potassium. The increase in potassium ex- 
cretion in the normal subjects was not nearly so great as that noted 
in patients with Addison’s disease.” It is probable that in Addison’s 
disease other factors such as loss of base from extra-cellular com- 
partments, increased water content of cells, destruction of cells and 
nitrogen retention, may modify the action of the adrenal cortical 
hormone.® 

Summary. Repeated intravenous injections of adrenal cortical 
hormone under controlled conditions in 3 normal subjects resulted 
in a decreased renal excretion of sodium, chloride and water. Dur- 
ing the same period inorganic phosphate excretion was increased in 
2 of the subjects. The excretion of calcium, magnesium and total 
nitrogen was not significantly affected. The retention of sodium, 
chloride and water was reflected in a slight increase in body weight 
in all of the subjects. Withdrawal of hormone was accompanied 
by a marked increase in the excretion of sodium, a reduction in 
potassium excretion, and a loss of weight. Repeated intravenous 
injections of adequate quantities of adrenal cortical hormone, there- 
fore, appear to influence the 24-hour renal excretion of electrolytes in 
normal subjects. The nature of the change produced by the hor- 
mone is similar to that which has been noted in patients with Addi- 
son’s disease but is quantitatively less marked.§ 

" 8Harrop, G. A., Nicholson, W. M., Soffer, L. J., and Strauss, M., Proc. Soc. 
Exp. BIOL. AND MED., 1935, 32, 1312. 


§ The author is indebted to Doctor George A. Harrop for his helpful sugges- 
tions and stimulating criticism. 
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Phosphorus Components in the Blood of Normal and Rachitic 
Infants. 


Harry BAKWIN, Oscar BODANSKY AND REUBEN TURNER. 
From the Children’s Medical Service and Department of Pathology, Bellevue 
Hospital, and the Department of Pediatrics, New York University Medical College, 

New York. 


The inorganic phosphorus of the blood in rickets has been studied 
at great length. In recent years comparable attempts’” have been 
made to determine the acid soluble organic phosphorus compounds. 
These investigations have been handicapped by the fact that only 
adenosinetriphosphate® and diphospho-l-glyceric acid’ have been iso- 
lated from blood and that such isolations do not as yet permit a 
quantitative estimation to be based on them. Consequently, indirect 
methods for the estimation of the organic phosphorus compounds in 
blood have been attempted, based upon the comparison of the rate 
and extent of the acid and phosphatase hydrolysis of blood filtrates 
and of such compounds as have been shown or are believed to exist 
in the blood. In view of the growing evidence, especially that re- 
cently submitted by Kerr and Daoud* and by Warweg and Stearns,” 
that organic phosphorus entities, calculated on the basis of such 
work, probably represent definite organic phosphorus compounds, a 
series of values are presented for groups of normal and rachitic 
children. 

1. Fraction hydrolysable in 1 N acid (sulphuric or hydrochloric) 
in 10 minutes at 100°. Under these conditions, diphospho-l-glycer- 
ate and hexosediphosphate are hydrolyzed to a negligible extent.” 
Adenosine triphosphate from muscle***** or rabbit’s blood® yields 


Te ne a ee a ee ee Se 
1 Zucker, T. F., and Gutman, M., Proc. Soc. Exp. BioL. AnD Mep., 1923, 20, 
372. 
2 Kay, H. D., and Robison, R., Biochem. J., 1924, 18, 755. 
3 Barrenscheen, H. K., and Vasarhelyi, B., Biochem. Z., 1931, 230, 330. 
4 Bakwin, H., Bodansky, O., and Turner, R., Proo. Soc. Exp. Bion. AND MED., 
1932, 29, 1238. 
5 Stearns, E., and Warweg, G., Am. J. Dis. Child., 1935, 49, 79. 
6 Fiske, C. H., Proc. Nat. Acad. Sci., 1934, 29, 25. 
7 Greenwald, I., J. Biol. Chem., 1925, 63, 339. 
8 Kerr, S. E., and Daoud, L., J. Biol. Chem., 1935, 109, 301. 
9 Warweg, G., and Stearns, E., J. Biol. Chem., 1936, 115, 567. 
10 Fiske, C. H., and Subbarow, Y., Science, 1929, 70, 381. 
11 Unpublished data. The specimen of adenosinetriphosphate was kindly sup- 
plied by Dr. Cyrus H. Fiske. 
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two-thirds of its phosphorus. The probability is that the phos- 
phorus liberated from a trichloracetic acid filtrate represents twO- 
thirds of the adenosine triphosphate phosphorus present. 

2. Fraction not hydrolysable by bone phosphatase at pH of 
about 9.0 in a 4% concentration of trichloracetic ion. Under these 
conditions bone phosphatase does not hydrolyse diphospho-l-glycer- 
ate? but hydrolyses adenosinetriphosphate and sodium hexosedi- 
phosphate, the former to about 80%, the latter completely. In 
addition, the concentration of this non-hydrolysable fraction paral- 
lels the amounts of diphospho-l-glycerate which Greenwald’ obtained 
from different species. The phosphorus not liberated under these 
conditions probably represents, therefore, to within about 5% of 
the absolute value, the phosphorus from diphospho-l-glyceric acid. 

Blood specimens were drawn between 3 and 5 hours after the 
morning meal. One volume of blood was added without the addi- 
tion of an anticoagulant to 4 volumes of 10% trichloracetic acid 
and filtered within 10 minutes. Inorganic phosphorus, total and 
acid soluble phosphorus were determined by the method of Fiske 
and Subbarow. The readily acid hydrolysable phosphorus was de- 
termined by adding 2 cc. of trichloracetic acid filtrate to 2 cc.. of 
2 N HCI, heating in a water bath at 100° for 10 minutes,® * and 
noting the inorganic phosphorus liberated. Values for concentration 
in the red blood cells were calculated. 

Fraction Hydrolysable by Bone Phosphatase. To 5 cc. of the 
trichloracetic acid filtrate 2 cc. of 1 N NaOH and 2 cc. of 10% 
sodium diethylbarbiturate were added. One cc. of phosphatase ex- 
tract’? was added and the pH adjusted to 8.8 to 9.0. The mixtures 
were allowed to stand at room temperature with toluene until equili- 
brium had been reached as indicated by the constancy of the inor- 
ganic phosphorus readings (1 to 2 weeks). 

The findings in normal and rachitic children are compared in 
Table I. The acid insoluble phosphorus is unchanged. In infants 
with rickets the acid soluble phosphorus is reduced. The inorganic 
phosphate, the readily acid hydrolysable phosphorus,* and the com- 
ponent not hydrolysable by bone phosphatase all participate in this 
reduction. The differences between the 2 groups for both whole 
blood and red blood cells are statistically significant. 

The mean value for the readily acid hydrolysable phosphorus 
obtained in this study (4.9 mg. P per 100 cc. for normal infants) 
is in the same range as the values obtained in adults by Barren- 
scheen and Vasarhelyi (5.7 mg. per 100 cc.) and Kerr and Daoud 


12 Bodansky, O., and Bakwin, H., J. Biol. Chem., 1934, 104, 747. 
13 Bakwin, H., and Bodansky, O., J. Biol. Chem., 1933, 101, 641. 
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(5.4 mg. P per 100 cc.). Warweg and Stearns obtained a mean 
value of 2.4 mg. P for this fraction. 

The fraction not hydrolysable by bone phosphatase, probably 
diphosphoglycerate, is 63.4% of the ester phosphorus in the normal 
and 64.6% in the rachitic group; these values agree well with the 
“phosphoglycerate” fraction as determined by Warweg and Stearns 
(mean, 68% of the ester phosphorus in adult man). 

The residual phosphorus, after the readily acid hydrolysable and 
the “phosphoglycerate” phosphorus are subtracted from the ester 
phosphorus, is considered by Warweg and Stearns to represent phos- 
phorus of hexosephosphate nature. Their estimate for this frac- 
tion is 20.6% of the ester phosphorus. They do not consider Fiske’s 
isolation of adenosinetriphosphate from rabbit’s blood and his find- 
ings that two-thirds of this phosphorus is readily hydrolysed. 
Kerr and Daoud® found that the ratio of the readily hydrolysable 
phosphorus to the nucleotide N was the same in the trichloracetic 
acid filtrate of human blood as in adenosinetriphosphate, indicating 
that the latter compound was present. Since the value given by 
Warweg and Stearns for the readily acid hydrolysable phosphorus 
seems too low, and since they do not consider the probability that it 
is a portion of the adenosinetriphosphate molecule, it would appear 
that their estimate for the hexosephosphate fraction is too high. 
According to our calculations, the residual phosphorus, probably 
hexosephosphate, is about 5% of the ester phosphorus; this value 
is much more in accord with the figure of Kerr and Daoud and the 
estimates of Mai‘ and Lawaczek.*® 

Summary. 1. The phosphorus of the blood was fractionated by 
a combination of acid and phosphatase hydrolysis and the results 
compared in normal and rachitic infants. 2. In infants with rickets 
there is a reduction in the acid soluble phosphorus of the blood 
which is made up of decreases in the inorganic phospliate, the read- 
ily acid hydrolysable phosphorus, and the fraction not hydrolysable 
by bone phosphatase under stated conditions. 3. The chemical na- 
ture of these fractions is discussed. 


14 Mai, H., Z. Kinderhetlk., 1928, 45, 653. 
15 Lawaczek, H., Biochem. L., 1924, 145, 351. 
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Localization of Foreign Proteins and Dyes in Neoplastic Growth. 


F. DuRAN-REYNALS. 


From the Rockefeller Institute for Medical Research. 


The permeability of the stroma of malignant tumors of mice, 
both transplanted and spontaneous, has been investigated by the in- 
travenous injection of a variety of foreign sera and dyes. The rela- 
tive amount of the sera localized in the tumor was determined by 
the use of immunological methods and the dyes could be easily de- 
tected by direct examination under water. 

After the intravenous injection of 0.25 cc. sera from the horse, 
rabbit, or chicken, precipitation tests on the extracts of the tumor, 
various organs, and the blood showed that, in the early period after 
injection (24 to 48 hours), a larger amount of the foreign sera 
was in the blood and tumor than in any of the organs. 

After 3 to 5 days the sera from chicken and rabbit had disap- 
peared from the blood and were found only or mostly in the tumor. 
Horse serum persisted in the blood for at least 10 days, but the 
tumor tissue always contained more of it than the blood. 

The dyes which were tested are T. 1824, Pontamine Sky blue, 
Brilliant Vital red, Vital New red, Dianil blue, and others, diluted 
at 1:1,000. These were injected intravenously at the amount of 
0.25 to 0.50 cc. and were all found to localize selectively in cancer 
tissue with comparatively little localization in organs such as the 
liver and lymph nodes, where they might be expected to accumulate. 
The localization in the tumor takes place rapidly, the dye being 
clearly detected in the growth within one half hour after the intra- 
venous injection. The maximum accumulation is accomplished 
in 12 to 20 hours. A broad zone of skin around the tumor is also 
deeply stained. The first 2 of the above series seem to give the most 
clear-cut results. T. 1824, a dye allied to Trypan blue, was selected 
for more extensive investigation. During the first few days after 
the intravenous injection of 0.25 mg., this dye is found localized 
in the healthy part of the tumor, the necrotic tissue remaining un- 
stained. Ten days or more later, in the rapidly growing, trans- 
plantable tumors, the dye has disappeared from the healthy part 
of the tumor and is found accumulated in the necrotic part. Ponta- 
mine Sky blue and Dianil blue behave like T. 1824 in this respect ; 
but a variety of other dyes localize in both the healthy and necrotic 
parts, and still others were found to stain only the necrotic parts. 
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All mouse tumors so far studied, spontaneous or transplanted, 
primary or metastatic, are deeply stained after in jection of T. 1824, 
and even pin-point metastases in the lung and liver may be readily 
detected by their blue color. The results are equally definite with 
the Brown-Pearce epithelioma of the rabbit and a sarcoma of the 
chicken. Five or 10 cc. of the 1:1,000 solution was injected in these 
cases. 

Examination of the fresh, stained tumor with the naked eye or 
with a magnifying glass reveals that, although the whole tumor 
appears blue, the dye is mostly fixed in the stroma of the growth. 
Microscopic observations have not been extensively carried out as 
yet. However, the preliminary work so far done seems to indicate 
that T. 1824 behaves like Trypan blue, according to the careful 
studies of Ludford.1. The cancer cell would be surrounded rather 
than penetrated by the dye. 

The dye itself is without effect on the growth rate of the tumor. 
As it is known to combine readily with protein materials, an attempt 
was made to combine it with a toxic substance. Both rattlesnake 
venom and Bacillus paratyphosus B. toxin rapidly lose their toxicity 
in combination with the dye, but in this combination the dye still 
localizes in the tumors. In spite of the gross loss of toxicity, there 
appears to be an effect on the growth rate of the tumor following 
the intravenous injection of the dye in combination with a toxin. 
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Active Immunity to Experimental Poliomyelitis by Intranasal 
Route in Macacus rhesus.* 


S. D. Kramer, L. H. GrossMAn anp G. C. PARKER. 


From the Laboratories of the Infantile Paralysis Commission of the Long Island 
College of Medicine. 


We wish to report protection against intranasal infection with 
subsequent development of immunity in monkeys that had received 
instillations of pituitrin S and adrephine,t followed by intranasal 
instillations of potent virus suspensions. 


1 Ludford, R. J., Proc. Royal Society London, B, 1929, 104, 493. 

* This work was supported by a grant from the Friedsam Foundation, and the 
President’s Birthday Ball Commission for Infantile Paralysis Research. 

t The pituitrin S and adrephine was in part supplied to us through the kindness 
of Parke, Davis & Company, Detroit, Michigan. 
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The treatment consisted of instilling 1% cc. of surgical pituitrin 
into each nostril, followed in 5 minutes by instillation of 1 cc. of 
adrephine (a preparation consisting of a mixture of adrenalin and 
ephedrine, with a small amount of chloretone). 

One group of 16 animals received preliminary treatments with 
pituitrin S and adrephine twice a day for 5 and 7 days, followed by 
3 daily instillations of 1 cc. of a 5% suspension of virus into each 
nostril (intranasal test). Of the 16 animals, 6 received the first of 
the instillations of virus 12 hours after the last treatment ; 4 received 
virus 24 hours, 3 received virus 48 hours, and three, 96 hours after 
the last treatment. The animals were bled from 18 to 57 days after 
the intranasal test, and neutralization tests were done on their 
serums. A second intranasal test was performed on the surviving 
animals from 3 to 14 weeks later, and the animals surviving this 
test were inoculated intracerebrally with an infective dose of virus. 

A second group of 10 animals received the instillations of pitui- 
trin S and adrephine daily, followed in 4 or 6 hours by instillations 
of virus. Eight of the 10 animals received a second treatment with 
pituitrin S and adrephine, 4 hours after the virus. These daily 
treatments and instillations of virus were continued for 20 to 28 
days. The surviving animals were bled and neutralization tests 
done on their serums. Then each animal received an instillation 
of one cc. of virus into each nostril on 3 successive days without 
pituitrin S and adrephine. The survivors of this intranasal test 
were then inoculated intracerebrally with a paralyzing dose of virus. 

Eight of 10 of the 16 animals in the first group that received 
virus 12 and 24 hours after treatment survived the intranasal test 
and 2 succumbed to the experimental disease. Of the 6 animals that 
had received the virus 48 and 96 hours after treatment, one monkey, 
that had received virus 48 hours after treatment, survived, and 5 
succumbed. Eight animals survived a second intranasal test. One 
animal died 25 days after the second intranasal test. Six of the 
8 surviving animals neutralized the virus and 2 failed to neutralize. 
The 8 survivors were given the intracerebral test (.01 cc. of a 5% 
suspension of potent virus in 1 cc. of saline). Of the 8, two sur- 
vived and 6 succumbed. One of those that succumbed came down 
after a prolonged incubation period (27 days), and a second animal 
developed a mild form of the disease and recovered. 

Of the 10 animals that had received daily instillations of both 
pituitrin S, adrephine, and virus (second group), 6 survived daily 
treatments and exposure to virus and 4 succumbed to the disease 
within the incubation period of the virus. Neutralization tests were 
performed on the serums of these 6 animals. The serums of 3 
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neutralized the virus; one partially neutralized and 2 failed to neu- 
tralize. Five of these 6 animals survived the intracerebral test. 

Of the 26 normal controls employed in the intranasal tests, 25 
succumbed. Of the 11 normal controls employed in the neutraliza- 
tion tests, all succumbed, as did the 13 normal controls used in the 
intracerebral tests. 

Histologic study of the mucous membranes of the animals treated 
with pituitrin S and adrephine shows an extensive infiltration of the 
superficial and deep layers of the mucosa with eosinophiles. Some 
scattered eosinophiles are present in the submucosa, otherwise the 
mucous membranes appear normal. Mucous membranes obtained 
from normal untreated animals do not show eosinophilic infiltrations. 

It appears from the results of these experiments, that not only do 
the majority of the animals develop appreciable protection against 
intranasal instillations of potent virus, but an appreciable number 
of these animals, particularly those included in the second group 
that had received prolonged daily treatments with pituitrin S and 
adrephine, as well as virus, developed an active immunity as indi- 
cated by the neutralization and intracerebral tests. These results help 
to bring out even a greater similarity between the experimental and 
the human disease, and perhaps serve to support the epidemiologic 
concept of the mechanism involved in the production of a widespread 
immunity to the disease in the normal population." We do not 
attempt to explain the significance of the eosinophilic infiltration (or 
“barrier” ) in the mucous membranes of the treated animals. 


9236 -P 


Effect of Pancreatic Tissue Extract on Cholesterol of Blood in 
Cardiovascular Arteriosclerosis.* { 


ANNA SAMUELSON. (Introduced by Israel S. Kleiner.) 
From the Morrisania City Hospital, New York City. 


Pancreatic tissue extracts have been studied since 1908 by various 
investigators. Since 1929, insulin-free extracts have been investi- 
gated and independently prepared by Frey, Gley, Kraut, Kisthinios, 
Vaquez, and Wolffe. Wolffe‘and his associates reported that their 


1 Kramer, S. D., J. A. M. A., 1932, 99, 1048. 

* Aided by a grant from the Lucius N. Littauer Foundation. 

+ I wish to thank Dr. Edward P. Flood, Director of Medicine, and Dr. William 
Aronson, Director of Laboratories, for their assistance and cooperation. 


PANCREATIC TISSUE EXTRACT ON CHOLESTEROL 375 


pancreatic extract possessed vaso-dilator properties, which antag- 
onized the pressor action of epinephrine and caused a transitory 
lowering of blood pressure in the animal. The commercially pre- 
pared pancreatic tissue extractst contain traces of histamine, cho- 
line, salts, foreign proteins, and even slight traces of insulin. It 
has been demonstrated by the latter investigators, that the epine- 
phrine neutralizing property of this substance is probably not due 
to these contaminants.* 

Work has been carried on for some time on the effect of pan- 
creatic tissue extract in cardiovascular arteriosclerosis manifested 
by angina pectoris or precordial pain and intermittent claudication 
in peripheral vascular diseases. During the course of this investi- 
gation an alteration in the blood cholesterol and phospholipids was 
observed. Before treatment in these cases, the cholesterol content 
of the blood was found to be rather high, the average being 275 mg. 
per 100 cc. Following the administration of pancreatic extract, it 
was noted that along with some clinical improvement, there was a 
tendency for the blood cholesterol to drop. 

The Kirk, Page and Van Slyke gasometric microdetermination 
method was used for estimating the plasma lipids.” The percentage 
of error for blood cholesterol was found to be less than 2%. 

In this investigation, the presence of choline in pancreatic tissue 
extract No. 568, was demonstrated by the Kraut test. Blood sugar 
concentration was not altered after the administration of pancreatic 
tissue extract. Blood sugar determinations were made by the Folin 
Wu method simultaneously with the lipids, fasting, one hour and 
24 hours after the injection of pancreatic tissue extract. 

A control experiment was carried out on 18 ward cases chosen at 
random. In these, fasting blood cholesterol concentration was de- 
termined according to the Bloor colorimetric method before, and one 
hour after, the injection of (a) 5 cc. aqua distillata in 3 cases; 
(b) 5 ce. physiological normal saline in 5 cases; and (c) 5 cc. pan- 
creatic tissue extract in 10 cases. In (a) there was an average rise 
of 4.9 mg. cholesterol per 100 cc. blood, one hour after injection; in 
(b) an average rise of 20.6 mg.; and in (c) an average decrease of 
38.8 mg. 

Results are summarized in Table I. One hundred and eighteen 


t Tissue Extract No. 568 was prepared according to the method of Wolffe 
(ef. Hyman and Parsonnet, The Failing Heart of Middle Age, 1932, p. 442), by 
Sharp and Dohme, for which I wish to thank them. ; 

1 Wolffe, J. B., et al., reported before the 15th International Congress of Physi- 
ologists, Leningrad, August, 1935. 

2 Kirk, E., Page, I. H., and Van Slyke, D. D., J. Biol. Chem., 1934, 106, 203. 
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TABLE I. 
Effect of Tissue Extract on Total, Free and Esterified Cholesterol. 
Columns marked (1)—represent Fasting concentrations. 
M te 2)—one hour after injection of Pancreatic Tissue Extract. 
Hs) ” (3)—24 hours ”’ ” 5) ”? ”? ” 
Esterified cholesterol may be calculated by subtracting Free Cholesterol from 


Total Cholesterol. 


Subject Total Cholesterol Free Cholesterol 
Case ——— —_—_——_—— 
No. Date cc. injected 1 2 3 1 2 3 
ee = 10a me geet 270.0 195.1 214.8 65.8 90.9 74.8 
2 10-6 10 196.4. 230.0 254.2 91.2 68S ieee: 
3 8-20 5 306.5 213.7 — 115.5 | LLO.G — 

10-1 5 300.0 289.0 — 106.0 103.2 — 
10-29 5 279.5 260.0 270.0 145.0 138.5 121.5 
11-12 5 248.5 241.0 251.0 — — —_— 
+ 8-27 5 306.5 267.0 — 137.7 130.5 —_ 
10-1 D 243.0 210.0 — 163.5 120.9 — 
10-29 5 339.5 306.5 316.0 141.0 120.5 123.5 
5 9-3 5 256.2 211.3 — 148.3 130.5 — 
10-1 5 335.0 318.0 — 136.0 159.0 — 
6 10-22 i 373.5 341.0 328.5 163.0 148.5 146.5 
11-26 3 313.0 300.5 278.5 — = —— 


plasma cholesterol determinations were done on 23 patients after 
46 injections. Forty-eight were done on fasting blood; 46 one hour 
after, and 24, 24 hours after injection of pancreatic tissue extract. 
In all but one case, a drop in the blood cholesterol was noted one hour 
after injection. Case 1 is a typical example. The exception (Case 
2) showed a rise one hour after injection. There was a consistent 
fall in the blood cholesterol of 14 patients who had regularly re- 
ceived a 3 cc. injection 3 times a week for a period of time. In 
these, determinations were made at intervals of 3 to 5 weeks during 
the course of treatment. Case 3 is a typical example. Where the 
treatment was interrupted or dosage too small, 7. e., 1 or 2 cc. pan- 
creatic tissue extract 3 times a week, there was an exacerbation of 
symptoms and an increase in plasma cholesterol. Such results were 
noted in 4 cases, demonstrated by case 4 (interrupted treatment) 
and case 5 (inadequate treatment). Of 24 determinations, on blood 
taken 24 hours after injection, 3 have shown a further fall below 
fasting and 21 tended to return almost to original level. Case 6 is 
a typical example of a continued fall 24 hours after injection. 

The greatest drop in cholesterol in one hour was 97 mg. per 100 
cc. blood or 31%. The mean decrease in cholesterol observed one 
hour after 5 cc. injection of tissue extract (37 injections) was 
8.3% ; the average deviation from the mean was 4.36%. The mean 
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decrease in cholesterol observed one hour after 10 cc. injection of 
tissue extract (9 injections) was 12.7% ; the average deviation from 
the mean was 9.7%. 

Summary. The results indicate that pancreatic tissue extract 
produces a lowering of the plasma cholesterol within one hour in 
cardiovascular arteriosclerosis. The cholesterol remains lowered, 
but with a tendency to return almost to former level in 24 hours. 
The effect is transitory, lasting about 24 hours, more or less. For 
sustained effect and progressive drop in plasma cholesterol, patients 
require doses at frequent intervals. When treatment is interrupted 
or dosage inadequate, the plasma cholesterol rises and there is an 
exacerbation of symptoms, precordial pain and intermittent claudi- 
cation. 
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Active Form of 2-4 Dinitrophenol in the Stimulation or Inhibition 
of Oxygen Consumption of Excised Rabbit Muscle.* 


A. W. MartTINn Anp J. FIELp, II. 


From the Department of Physiology, Stanford University. 

Field, Martin and Field * * have shown that the stimulation or 
inhibition of yeast respiration by 2-4 dinitrophenol (DNP) and 
several related compounds depends upon the concentration of the 
undissociated form. Since this finding appears to have important 
physiological and pharmacological implications, we have undertaken 
an investigation of the action of DNP on excised rabbit striated 
muscle (diaphragm) to see whether the undissociated form is the 
active agent in stimulation of oxygen consumption of a mammalian 
tissue as well as of yeast. 

Rabbits were killed by a blow on the back of the neck. The 
diaphragm was rapidly excised, and strips of proper thickness (c. f. 
Warburg*) were placed in Ringer’s solution containing 0.2% 
glucose and buffered at the desired pH with M/150 phosphate. Res- 


* Supported in part by a grant from the Rockefeller Fluid Research Fund of 
the Stanford University School of Medicine. 

1 Field, J., II, Martin, A. W., and Field, S. M., Proc. Soc. Exp. BIoL. AND 
Mep., 1933, 31, 56. . 

2 Field, J., II, Martin, A. W., and Field, S. M., J. Cell. and Comp. Physiol., 
1934, 4, 405. 

3 Field, J., II, Martin, A. W., and Field, 8S. M., J. Pharm. and Eup. Ther., 
1935, 53, 314. 

4 Warburg, O., Uber den Stoffwechsel der Twmoren, Berlin, 1926. 
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piration was measured by the Warburg manometric method* at 
37° + 0.02°C. in an atmosphere of oxygen. The respiration of 
each piece of tissue was followed for 30 minutes before addition of 
DNP from the vessel sidearms, to obtain a preliminary control 
period in each case. In addition to these individual controls in at 
least one case in every run (6 to 13 vessels), Ringer’s-glucose was 
added from the sidearms instead of DNP to determine the rate of 
decrease of oxygen consumption with time under the conditions of 
these experiments over a longer period. 
TABLE I. 

Showing effects of graded concentrations of DNP, total and undissociated, on 

oxygen consumption of rabbit striated muscle (diaphragm) in Ringer’s-glucose at 


pH 6.2, 7.2 and 8.0. DNP concentrations given in millimols. Plus indicates 
stimulation, minus inhibition. Optimum effects in italics. 


% effect at pH Undissociated % effect at pH 

Total DNP — DNP oo, 
Concentration 6.2 7.2 8.0 Concentration 6.2 7.2 8.0 
COM ae +38 

2.34 x 10-7 +21 
4.46 x 10-4 bea) Sag 

: 2288 xa = +4 

ed xe O=3 +120 

4.68 x 10-7 +46 
Ceased as +162 +22 +21 

1.44 x 10-6 +38 +22 
Sisia oe =e: +192 , 

2:83) xX 0-6 +35 
4.46 x 10-3 407 499 = E35 

2.88 x 10-6 +34 +29 
1.11 x 10-2 42123) 2h68 

3.49 x 10-6 +60 
2.23 x 10-2 +56 +207 +85 

4.68 x 10-6 +94 
3.33 x 10-2 +177 60 

7.18 x 10-6 +120 +58 
4.46 x 10-2 —19 +184 +94 

117 x 10-5 +252 
MMAL b:¢ (a +200 +252 

1.44 x 10-5 +162 +207 
2.23 x 10-1 +77 +63 

2.15 x 10-5 
ay = +192 +177 

2.33 x 10-5 
2:23 —35 are 

2.88 x 10-5 +97 +184 


1a LO =. 
Meee oe AKO +56 +77 

2.33 x 10-4 paar 
2.88 x 10-4 —19 
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Calculations of percentage stimulation (Table I) were based on 
the assumption that had no DNP been added the rate of decrease of 
oxygen consumption after the initial control period would have 
been the same as that observed in the longer control experiments. 
Controls showed this assumption valid within + 5%. Accordingly, 
no change in oxygen consumption was considered significant unless 
it exceeded 10%. 

If undissociated DNP is the active agent in the stimulation or 
inhibition of tissue respiration by this substance, one would expect 
to find the optimum total concentration to be a function of pH, 
while the optimum concentration in terms of the undissociated form 
should be quite constant. Furthermore, it should be possible to find 
a total DNP concentration which would stimulate respiration at one 
pH level and inhibit at another. It is shown in Table I that these 
expectations were realized. Such results are most directly. ex- 
plicable on the assumption that, over the pH range investigated, un- 
dissociated DNP is the active agent in the stimulation or inhibition 
of oxygen consumption of rabbit striated muscle (diaphragm). 
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Metabolism of Anesthetized Rats. 


M. KLerBer AND F, J. SAUNDERS.* 


From the College of Agriculture, University of California, Davis. 


The experiments reported in this paper were undertaken chiefly in 
order to find out whether or not anesthesia could be used with ad- 
vantage in metabolism studies as a means of reducing the variability 
of metabolic rates between different rats. 

Female rats weighing from 65 to 163 gm. were anesthetized with 
a suspension of one per cent sodium amytal in 0.9% NaCl solution. 
The effect of intraperitoneal injection of the drug was tested in 15 
rats. When 2 out of 3 rats injected intraperitoneally with 1.5 to 
2 cc. of the suspension per 100 gm. of body weight died, the dosage 
was reduced, yet the mortality among the intraperitoneally injected 
rats remained high, so that only 6 results of this group could be 
used for comparison. The dosage of amytal for these intraperi- 
toneally injected rats varied from 7.6 to 10.4 with an average of 9.2 


* The authors are indebted to C. F. Winchester for the measurement of the 
respiratory exchange of the rats. 
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mg. per 100 gm. of body weight. The drug was injected subcutan- 
eously into 11 female rats in doses of 5.8 to 9.8 with an average of 
7.4 mg. per 100 gm. of body weight. Five litter mates served as 
controls for the intraperitoneally injected rats and 7 for the sub- 
cutaneously injected rats. The controls were so selected, that their 
body weights matched those of the experimental rats. 

Prior to the injection of the anesthetic the experimental rats as 
well as the controls were fasted for 24 hours. The respiratory 
exchange of each rat was determined individually in a closed respi- 
ration apparatus of the Regnault-Reiset type. Seven such appara- 
tuses are combined in a thermostatic cabinet and are operated simul- 
taneously. The respiration trials were started approximately one- 
half hour after injection of the experimental rats and lasted over 
a period of 6 hours during which time the oxygen consumption was 
recorded every half hour. The CO; production was determined at 
the end of the trial for the entire period. 

In order to eliminate the influence of body size on the results, the 
amount of oxygen consumed per half hour was divided by the 3/4 
power of body weight. The results thus obtained with the indi- 
vidual rats of each of the 4 groups (2 groups of injected rats and 
2 corresponding groups of controls) were averaged for each of the 
half-hour periods of the respiration experiment. The standard 
deviation for one result expressed in per cent of the respective mean 
is the coefficient of variability for the metabolism of different rats 
of one group within one period. The average of these coefficients 
of variability for all half-hour periods was +12.4 + 1.2% for the 
intraperitoneally injected and +12.5 + 1.0% for the corresponding 
control rats. The average coefficient of variability for the subcu- 
taneously injected rats was 9.0 + 0.5%, that for the corresponding 
controls amounted to 13.3 + 1.1%. 

Anesthesia decreased the metabolism of the rats considerably. 
During the first half-hour period of the respiration experiment, the 
rate of O. consumption of the intraperitoneally injected rats was 
only 68%, that of the subcutaneously injected rats only 80% of 
the rate of oxygen consumption of the respective controls. This 
depressing influence of the drug gradually disappeared in time and 
during the last 3 periods of the respiration experiment, 7. e., later 
than 5 hours after the injection the metabolic rates of the injected 
rats were practically equal to those of the controls. In order to 
eliminate individual differences in the metabolic level the results for 
each rat in the various periods of the experiment were expressed in 
per cent of the average results of the last 3 periods for the same rat. 
The relative figures thus obtained for the injected rats in each 
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Oeiae pace 
Hours after injection 
Fig. 1. 
Relative rate of oxygen consumption of anesthetized rats in per cent of the 
corresponding rate of control rats. 


period were in turn expressed in per cent of the average for the 
control rats in the same period. This calculation was carried out 
in order to eliminate possible systematic influences of time as such 
on the metabolic rates of the rats. The results obtained are plotted 
in Fig. 1. The crosses indicate the relative oxygen consumption 
of the subcutaneously injected rats; the circles represent the cor- 
responding data for the intraperitoneally injected rats. The double 
cross and the double circle indicate data obtained during two periods 
together. The heavy straight lines in the figure illustrate the result 
of linear interpolation of the data by the method of least squares 
which led to the following equations: 

M, = 68.2 + 6.66 (t — 0.5) 

1 Be 79.9 +- 3.64 (¢ — 0.5) 
where M, — oxygen consumption of the intraperitoneally injected rats in per cent 


of the corresponding values for the controls 
M_— corresponding results for the subcutaneously injected rats 


— time in hours after the injection 


The difference in the regression coefficients (6.66 + 0.72 — 3.64 
+ 0.40) which determine the slope of the two lines in the figure is 
statistically highly significant. Its random probability is below one 
per cent. The dash point lines on the figure indicate the boundaries 
of the standard deviation of the lines. . 
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The results indicate that amytal injected intraperitoneally had 
a more pronounced effect on metabolism but lost this effect faster 
than did the drug injected under the skin. 

The total effect of the drug on metabolism may be measured as 
the product of the decrease in metabolic rate and the time. This 
total effect is indicated on the figure as the area of the triangle 
formed by the ordinate at the start of the experiment, the inclined 
straight line and the horizontal line which represents the metabolic 
rate of the controls. This total effect contains an element of un- 
certainty because the respiration trials started approximately half 
an hour after the injection of the drug. The total effect on the 
subcutaneously injected rats amounted to 73% of the effect on the 
intraperitoneally injected rats. The dosage of amytal per unit of 
body weight in the subcutaneously injected rats amounted to 80% 
of the dosage applied intraperitoneally. This difference may partly 
explain the difference in the total effect. The differences in dosage 
within each group, however, did not systematically affect the rate 
of metabolism per unit of the 3/4 power of body weight, measured 
during the entire period of 6 hours, which averaged to 93.8 + 4.3 
Cals. daily for the intraperitoneally injected, and to 91.8 + 2.0 Cals. 
for the subcutaneously injected rats. 

Conclusions. Intraperitoneal injection of amytal did not decrease 
the variability in the rate of oxygen consumption between different 
rats. Subcutaneous injection of the drug decreased this variability 
so that average results of a given standard deviation of the mean 
could be obtained with approximately half as many rats under anes- 
thesia as would be required with non-treated rats. It is questionable 
whether or not this decrease in variability justifies the application 
of anesthesia in respiration trials since this application may intro- 
duce influences on metabolism tending to make the results less con- 
clusive in many cases even though the variability may be decreased. 
The application of the anesthetic also makes the metabolic rate 
dependent on the time after injection so that a result on an anes- 
thetized rat is not conclusive unless the time after the injection and 
its influence on the rate of metabolism are defined. 
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Tobacco Sensitization in Rats. 


Jos—EpH Harxavy. (Introduced by Louis Gross.) 
From the Laboratories of Mount Sinai Hospital, New York City. 


Friedlander, Silbert and Laskey* reported the occurrence of gan- 
grene of the toes in male albino rats injected daily with denico- 
tinized tobacco by the intraabdominal route. In order to elucidate 
the nature of these lesions it was deemed important to determine 
whether the tissues of the animals thus injected had been sensitized 
to tobacco. We therefore repeated their experiments and, having 
confirmed their observations, selected those animals in whom we 
had succeeded in reproducing the lesions described by Friedlander, 
et al., for this investigation. 

The present report deals with results obtained by testing intes- 
tinal strips of 6 injected animals and 5 controls. 

Of the 6 treated animals one was injected with tobacco only; 4 
with horse serum, eggwhite, and tobacco; and one with ragweed 
only. Injections were given daily until the toe-lesions appeared. 
This usually occurred in 6 to 10 weeks. After the appearance of 
gangrene, injections were stopped for about 10 days and the animal 
sacrificed for our experiments. The extracts used in injecting the 
animals represented a mixture of tobaccos prepared from the cured 
leaves of Burley, Maryland, Virginia and Xanthis tobaccos, denico- 
tinized and extracted according to a technic previously described.” 
This extract contained 0.085 mg. N per cc. The ragweed-pollen 
extract contained 0.42 mg. N per cc.; the eggwhite 1.2 mg. N per 
cc. The horse serum was furnished by the Board of Health and 
used in undiluted form. The amount of the total material injected 
never exceeded one cc. 

The animal to be studied was killed by a blow on the head and 
about one inch of the duodenum or intestine excised. This was 
suspended in a bath containing 75 cc. of oxygenated Tyrode’s solu- 
tion. When the movements of the intestinal strip had stabilized, 
the extract with which the animal had been injected was introduced 
into the bath, and its effect on the gut recorded. 

The amount of tobacco-extract used was determined in each in- 
stance by preliminary standardization on the suspended intestinal 


1 Friedlander, M., Silbert, S., and Laskey, N., PRoc. Soc. Exp. Brot. AND MED., 


1936, 34, 156. 
2 Harkavy, J., and Romanoff, A., J. Allergy, 1934, 6, 56. 
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strip obtained from a normal rat. This enabled us to learn the effect 
of our tobacco extract on the excised intestine of normal rats and 
also to determine the optimal amount that we could use in studying 
the reaction of the tissue obtained from the injected animal. 

No phenol was used in preparation of the test-extract, because 
we found that it had a paralyzing effect on the intestinal strip. 

The preéstablished quantity of the tobacco-solution (usually be- 
tween 0.2 and 0.5 cc.) was introduced into the bath containing the 
intestinal strip of the injected animal. In each one of the 5 tobacco- 
injected rats it caused a prompt contraction. After the preparation 
was washed, subsequent addition of the same quantity of tobacco- 
extract was without effect. This indicated desensitization of the 
gut. (Illustration. ) 

None of our 5 non-injected animals reacted to tobacco-extracts, 
even in doses of 1.6 cc. (Illustration. ) 
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Fig. 1. 
Negative response of intestinal strip of normal rat to repeated introduction of 
0.2 ec. of tobacco extract. A total of .8 cc. of extract present in bath. 
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Fic. 2. 
Exp. 1. Positive anaphylactic reaction of gut from rat 4, injected with de- 


nicotinized tobacco, following the introduction of .2 ec. of tobacco extract into 
bath. 


Exp. 2. The same intestinal strip following the reaction in Exp. 1 giving a 


negative response to .2 cc. of tobacco extract indicating that the gut had been 
desensitized. 


No evidence of sensitization to ragweed, horse serum, or eggwhite 
was obtained in animals 1, 2, 4, and 5, which had been injected with 
ragweed, horse serum and eggwhite in addition to tobacco. Animal 
6, one of 3 injected with ragweed only, without having developed 
any lesions, when tested with tobacco and ragweed gave negative 
reactions to both. (Table I.) 

These results indicate that 5 animals injected daily with tobacco 
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; TABLE I. 
Reactions of Intestinal Strip of Normal Rats and Rats Injected with Tobacco, 
Horse Serum, Eggwhite, and Ragweed. 


Rat Injected daily Toe 
No. with ec. lesions Intestinal strip tested with Results 
1 a. Horse serum 0.5 0.1 ce. horse serum 1:100 Negative 
b. Tobacco 0.5 Positive 0.2 ce. tobacco* Positive 
2 a. Ragweed-pollen 0.5 0.3 ee. ragweed-pollen 0.42 
mg. N per ce. Negative 
b. Tobacco 0.5 22 0.2 ce. tobacco* Positive 
3 a. Tobacco i 22 0.5 ce. tobacco* ay 
4 a. Horse serum 0.33 0.3 ec. horse serum 1:100 Negative 
b. Eggwhite 0.33 sa 0.3 ce. eggwhite 0.1 mg. N 
per ce. sf 
c. Tobacco 0.33 0.2 ec. tobacco* Positive 
5 a. Horse serum 0.33 Be 0.3 ec. horse serum 1:100 Negative 
b. Eggwhite 0.33 0.3 ec. eggwhite 0.1 mg, N 
per ce. oy 
c. Tobacco 0.33 0.2 ee. tobacco* Positive 
6 Ragweed-pollen ile 0.3 ce. ragweed-pollen 0.42 
mg. N per ce. Negative 
Negative 0.4 cc. tobacco” a 
7-11 Non-injected ue Tobacco 24, 


*Tobaceo extract contained .085 mg. N per ce. 


alone, or tobacco plus ragweed, horse serum or eggwhite, who had 
developed gangrenous lesions of the toes within 6 to 10 weeks, gave 
definite evidence of sensitization to tobacco but no sensitization to 
any of the other extracts used. 

Our inability to demonstrate sensitization to the other injected 
substances such as ragweed, horse serum or eggwhite is not without 
precedent. With the exception of Arthus in 1903 and J. T. Parker 
and F. Parker in 1924, numerous investigators, including Longcope 
who used horse serum, have failed to sensitize rats. 

Experiments involving passive transfer, anaphylactic shock and 
cross-desensitization are being carried out in order to elucidate fur- 
ther the nature of the reaction described.* 


*I wish to express my appreciation to George Brooks for his technical 
assistance. 
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The Electroencephalogram During Infancy and Childhood. 


J. Roy SMITH. (Introduced by Rustin McIntosh. ) 


From the Normal Child Development Study of the Department of Diseases of 
Children, Columbia University, and the Babies’ Hospital, New York. 


The study of the electroencephalogram in infancy and childhood 
has thus far received little attention from investigators. Of the 
existing data those of Lindsley* (c.f. also Berger,” Loomis, Harvey 
and Hobart,? Davis and Davis,* and Kreezer’) showing the nature 
of the frequency variation of the so-called “alpha waves’ with age 
are the most complete. In the present study observations have been 
made which are in general corroboration of Lindsley’s findings 
except for one minor difference. In addition data have been ob- 
tained which indicate the presence within a few days after birth of 
previously unreported rhythmic waves apparently different from the 
alpha waves and emanating from the motor region. 

Observations were made upon 58 normal children ranging 
in age from one day to 17 years. The group included 13 infants 
and young children upon whom serial observations were made 
at intervals of 7 to 30 days over a period of several months. In 
order to record the alpha waves which in the adult are usually ob- 
served over the occipital lobes, standard electrode positions over 
this region (both electrodes on the midline, the anterior one just 
posterior to the lambda and the inter-electrode distance 3¥% to 4% 
cm.) were employed. Recording technique including amplifiers and 
ink-writing undulators was standard. Tracings were taken with 
the child lying at rest and in semi-darkness within a shielded cham- 
ber. 

Under these conditions the potentials appearing during the first 
2%4 months are predominantly random and “base line’’ in appear- 
ance. During the second month irregular sequences of waves of 
alpha amplitude (50v approximately ) may be observed but it is not 
until the tenth or twelfth week that short series of rhythmic waves 
varying between 3 and 4 oscillations per second begin to appear. 
During this early period (tenth to fourteenth week) repeated meas- 
urements on the same infant show that these rhythmic waves are 


1 Lindsley, D. B., Science, 1936, 84, 354. 

2 Berger, H., Arch. f. Psychiat., 1932-33, 98, 231. 

3 Loomis, A. L., Harvey, BE. H., and Hobart, G., J. Hap. Psychol., 1936, 29, 249. 
4 Davis, H., and Davis, P. Arch. Neurol. Psychiat., 1936, 36, 1214. 

5 Kreezer, G., Arch. Neurol. Psychiat., 1936, 36, 1206. 
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quite variable, being well-defined one week and hardly noticeable 
the next. By the end of the fourth month, however, they are usually 
well-established and can be reproduced consistently. Thereafter 
they gradually increase in frequency and reach the adult level (ap- 
proximately 9 oscillations per second) at about 8 years. This 
gradual increase in the frequency of the alpha waves over the 
period from the third month to the eighth year is in general agree- 
ment with Lindsley’s observations. Our data, however, fail to 
show any acceleration beyond the adult average from the tenth to 
the twelfth years such as he has reported. 

Whilé no rhythmic activity is observed over the occipital region 
before the third or fourth month with the above described technique, 
simultaneous tracings obtained from electrode positions over other 
underlying cortical areas do show periodic waves long before this 
time. These waves appear only when the infant is asleep; they may 
be present within a few days after birth and may be of various rates 
and amplitudes. One example of this early rhythmic activity is 
given in Fig. 1, which shows tracings taken simultaneously from 3 
separate areas on the scalp in a sleeping infant 12 days old. As 
shown in the figure, the upper tracing is taken from the occipital 
region. The electrodes for the middle tracings are over the motor 
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Brain potentials from sleeping infant 12 days old. The paired electrode posi- 
tions are shown in approximate relation to underlying cortical structures in the 
schematic figure at the right. Upper tracing, leads A: occipital lobes over midline 
a posterior to parieto-oecipital suleus b; middle tracing, leads B: motor region 
approximately over central sulcus ¢ with medial lead over superior Rolandic point 
d; lower tracing leads C: occipital to frontal over midline. Time interval is one 
second. All amplifiers equated at the gain indicated. 

Note the presence of well-defined periodic waves at about 5 per second over the 
motor region and the absence of any rhythmic waves over the occipital area. 


region, one being on the so-called “superior Rolandic point” and the 
other 4 cm. away at an angle of 70° with the midline, anterior to 
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this point and thus approximately over the central sulcus. The elec- 
trodes for the lower tracing include between them practically the 
entire cortex along the midline, one being over the mid-occipital 
region and the other just anterior to the anterior fontanelle. The 
3 amplifiers are equated in gain. It is to be noted that while there is 
no semblance of any rhythmic activity over the occipital region, well- 
defined periodic waves at approximately 5 per second are present 
over the motor region. These latter waves as shown by the lower 
tracing are not quite so well-defined when the leads include the whole 
cortex between them. Repeated observations have shown that the 
essential conditions for the appearance of these waves during the 
first few weeks after birth are that one or both electrodes should be 
over the motor region or that the latter area should be included 
between the electrodes, and that the child should be asleep. Their 
probable origin in the motor region is thus indicated. 

Waves at 4 to 5 per second similar to those already described have 
been observed as early as the first post-natal day. They do not 
appear to be the forerunner of the familiar 10 per second alpha 
waves but rather of large slow rhythmic waves at 4 to 5 per second 
which have regularly been observed in older children during states 
of drowsiness and light sleep and which also appear to originate 
in the motor region. It should be noted that Kreezer® has also 
reported large slow waves at 4 to 5 per second appearing over the 
motor area in mongoloid defectives with mental ages below 5 years. 

Rhythmic waves at 8 per second, as well as faster, smaller oscilla- 
tions varying from 12 to 15 per second have also been observed 
within a few days after birth. These latter waves also have their 
counterparts in comparable frequencies which have been observed 
repeatedly in older children during sleep. The faster, smaller waves 
particularly have been found by the writer to appear typically over 
the motor region and only during deep sleep. They probably corre- 
spond to the 14 per second waves reported by Loomis, Harvey and 
Hobart® as appearing during sleep in adults. 
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An Improved Thunberg Technique for Bacterial Oxidations. 


Frank H,. JoHnson.* (Introduced by E. Newton Harvey.) 


From the Laboratory of General Physiology, Princeton University. 


Although more accurate methods of measuring redox potentials 
in connection with bacterial oxidations are now available,’ ? the 
Thunberg technique,* which has been extended by Quastel* °® and 
others, will no doubt continue to find wide application. It is espec- 
ially useful where a large number of determinations are to be made, 
because of its greater simplicity and less time-consuming nature 
than the electrometric methods. At the same time, however, there 
are important sources of error. The purpose of this paper is to 
describe an improved method which either totally eliminates or 
greatly reduces the errors associated with the Thunberg technique as 
it has generally been used. 

In a recent critical study, Yudkin®* points out 6 factors which 
may interact to alter the reduction time of methylene blue by bac- 
teria, when the suspension is evacuated and placed in a water bath.. 
These are: (1) the temperature lag effect, (2) presence of residual 
oxygen, (3) gradual poisoning of the enzyme by methylene blue, 
(4) affinity of the enzyme for methylene blue, (5) presence of 
hydrogen donators in the suspension, and (6) the products of the 
action of the bacteria on the substrate which can act as hydrogen 
donators. The evacuation has nearly always been carried out for 
less than 2 minutes, with a water aspirator. Since Harvey*® has 
shown that the rate of reduction of methylene blue by dehydro- 
genases in milk is proportional to the reduction in oxygen tension, 
the question naturally arises concerning the efficacy of one or 2 
minutes’ evacuation. This point was tested by luminous bacteria, 
which constitute a very good indicator for the presence of oxygen,” 
for their light dims at a partial pressure of about 2 mm. of mercury” 
and remains visible at 10° atmospheres." 


* Eli Lilly and Company Research Fellow. 

1 Korr, I. M., J. Cell. Comp. Physiol., 1935, 6, 181. 

2 Yudkin, J., Biochem. J., 1935, 29, 1130. 

3 Thunberg, T., Skand. Arch. f. Physiol., 1920, 40, 1. 

4 Quastel, J. H., and Whetham, M. D., Biochem. J., 1924, 18, 519. 
5 Quastel, J. H., Erg. Enz. Fors., 1932, 1, 209. 

6 Yudkin, J., Biochem. J., 1933, 27, 1849. 

7 Yudkin, J., Biochem. J., 1934, 28, 1454. 

8 Harvey, E. Newton, J. Gen. Physiol., 1919, 1, 415. 

9 Hill, 8. E., Science, 1928, 67, 374. 
10 Shoup, ©. S., J. Gen. Physiol., 1929, 13, 27. 
11 Harvey, E. N., and Morrison, T. F., J. Gen. Physiol., 1923, 6, 13. 
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To 3 standard-type Thunberg tubes, each containing 1 cc. of 
buffer solution in the side arm, were added 9 cc., 6 cc., and 3 cc., 
respectively, of a very dilute suspension of luminous bacteria in 
phosphate buffer, pH = 7.30. They were connected with a Hyvac 
pump and exhausted continuously. A mercury manometer in the 
system indicated that a vacuum approximately equal to the vapor 
pressure of water was quickly reached. But the time for the com- 
plete removal of the oxygen, as judged by the complete extinction of 
luminescence, was 19 minutes for the first tube, 26 for the second, 
and 36 for the third. A 10 cc. portion of the same suspension in 
a test tule indicated a dimming time without evacuation (due only 
to the using up of oxygen by the respiration of the organisms) of 
approximately 36 minutes. Furthermore, when the buffer was 


Hie. 1. 

Apparatus for simultaneous deaeration of a series of the tubes illustrated in 
Fig. 2. The manifold is attached to the rack so that the whole unit can be rotated 
on its long axis near its base, thus mixing the substrate plus methylene blue solu- 
tions of all tubes with the bacteria at the same moment. When restored to the 
upright position, decolorization of the dye is observed, from the opposite side, 
against the long electric light globe (held within the split brass tube) as a source 
of illumination. For perfect deaeration lead tubing should be used entirely in 
conducting the gas to the vessels, but thick rubber tubing as illustrated has been 
found quite effective and easy to manipulate. The manifold can be slipped out 
of the brass holders to remove or replace vessels. The latter are loaded while 
tilted to the rear. The dowls prevent the rear arms of the vessels from swinging 
sideways during tilting. 

Fig. 2. 
Vessel for separate deaeration of substrate plus methylene blue solutions (in 
arm A) and the bacterial suspension (in arm B). The solutions and the suspen- 
sion, respectively, are washed down by the final addition of a buffer solution. 


After use, the vessels are readily cleaned by cleaning solution followed by running 
water. 


THUNBERG TECHNIQUE FOR BACTERIAL OXIDATIONS 389 


emptied from the side arms to the suspension in the evacuated 
tubes, a bright flash of light occurred, showing the presence of dis- 
solved oxygen. This light faded rapidly, but went completely out 
only after several minutes. It was not restored by shaking the tubes, 
which were now practically rid of all oxygen. 

These facts clearly indicate that even with prolonged evacuation, 
the final removal of the oxygen depends on the respiration of the 
organisms, and indeed, under ordinary conditions, the latter is 
probably by far the more important factor. In order to insure 
complete anaerobiosis, without depending on respiration to use up 
the oxygen, deaeration by a stream of pure hydrogen or pure nitro- 
gen is the most effective means, and by using for this purpose a type 
of tube introduced by Harvey” and suggested by him for use in 
this connection, the bacterial suspension can be deaerated separately 
from methylene blue and substrate solutions. (Fig. 2.) Sepa- 
rate deaeration followed by anaerobic mixing eliminates possible 
errors in reduction rate arising from the following causes: (1) the 
aerobic metabolism of the substrate by the bacteria, before the com- 
plete removal of oxygen, (2) the influence of different substrates in 
stimulating respiration to different degrees, and hence to different 
rates of oxygen removal, (3) substrates that cause little or no in- 
crease in oxygen consumption, but which act as hydrogen donators 
anaerobically,** (4) substrates that actually inhibit oxygen consump- 
tion, but which may reduce methylene blue anaerobically (alpha 
methylglucoside; see below), (5) substances which inhibit aerobic 
metabolism of substrates, but which are without effect on anaerobic 
dehydrogenases,** and (6) substances which may inhibit anaerobic 
dehydrogenase activity without appreciably affecting aerobic respira- 
tion.* In addition, separate deaeration, by shortening the reduction 
time, minimizes the toxic action of the dye, and since it can be car- 
ried out at a constant temperature completely avoids the temperature 
lag effect. 

Taking advantage of these principles, the apparatus pictured in 
Fig. 1 was constructed. With this arrangement a series of tubes 
can be completely deaerated with hydrogen purified over hot platin- 
ized asbestos, or nitrogen purified over hot copper, within a very 
few minutes. The substrate and dye solutions in the rear arms can 
then be added to the bacterial suspension in the front arms at exactly 
the same time. The data in Table I indicate how this method can 
avoid some fundamental errors. 

12 Harvey, E. Newton, Biol. Bull., 1926, 51, 89. 


13 Cook, RB. P., Biochem. J., 1930, 24, 1538. 
14 Keilin, D., Proc. Roy. Soc. Lond. (B), 1930, 106, 418. 
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TABLE I. 
Time for 90% reduction of methylene blue (1:50,000) by a phosphate buffer 
suspension of luminous bacteria (Achromobacter Fischeri), with and without 
added substrate. 


Reduction time 


a a aT 
Deaerated by Deaerated by Deaerated by 


Suspension Substrate evacuation hydrogen nitrogen 
Unwashed = 27! ih (he tee 
Washed 4 times — >3 days >> 6br: > 6 hr: 

ae sf oes M/10 glucose one 8’ 8’ 

id ie Bade M/10 alpha >3 days* 29’ 29’ 

methyl glucoside 


*Barely perceptible decolorization in 6 hrs, that amounted to approximately 
30% reduction over a period of 3 days. 


It is a matter of considerable importance that the usual technique 
of evacuation gave only a vague evidence for the dehydrogenation 
of alpha methylglucoside. This substance has been found to inhibit 
aerobic respiration of washed cells** and would thus lengthen the 
time for removal of oxygen. Yet the new method shows that it is 
readily dehydrogenated. In addition to use with bacterial suspen- 
sions, this method should work equally well with any tissue or tissue 
preparation which can be delivered with a pipette. 
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Effect of Testosterone on Somatic Growth. 


C. S. McEugn, H. Setyve anp J. B. Coxtip. 


From the Department of Biochemistry, McGill University, Montreal, Canada. 


It has been shown by Steinach and Holzknecht' that ovarian 
hormones inhibit growth. They found that implantation of ovaries 
into male guinea pigs or rats decreased their growth rate in every 
case if the transplant took. Later, these findings were confirmed by 
Bugbee and Simond,’ and Spencer, et al.,** using oestrin prepara- 
tions. Spencer, e¢ al.,> came to the conclusion that the growth in- 


15 Johnson, Frank H., J. Cell. Comp. Physiol., 1936, 8, 439. 


1Steinach, E., and Holzknecht, G., Archiv. f. Entweklngsmechanik d. Organ., 
1916, 42, 490. 


2 Bugbee, E. P., and Simond, A. E., Endocrinol., 1926, 10, 360. 


3 Spencer, J., Gustavson, R. G., and D’Amour, F. E., Proc. Soc. Exp. Brot. 
AND Mep., 1931, 28, 500. 


4 Spencer, J., D’Amour, F. E., and Gustavson, R. G., Am. J. Anat., 1932, 50 
129. 


5 Spencer, J., D’Amour, F. E., and Gustavson, R. G., Endocrinol., 1932, 16, 647. 
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hibition is due to a depression of pituitary function by oestrin. Re- 
tardation of growth in the rat under the influence of oestrin admin- 
istration has also been reported by Korenchevsky and Dennison® and 
Halpern and D’Amour.* While the growth hormone production of 
the pituitary is thus interfered with, the actual size of the hypophysis 
increases so much that tumor formation may occur (Zondek,® Cra- 
mer and Horning,® McEuen, et al.‘° The inhibition of pituitary 
function is also evidenced by the atrophy of the gonad which ensues 
under the influence of oestrin administration. This has been shown 
by Herrmann and Stein* who, with oestrogenic placental and cor- 
pus luteum extracts, obtained testicular atrophy in the rat and other 
mammals. In the female rat, gonad atrophy was observed following 
the injection of oestrogenic ovarian extracts or follicular fluid by 
Terada.** Moore and Price,*® who made similar observations with 
purified ovarian hormone preparations, advanced the theory that 
injections of gonadal hormones inhibits the production of gonad- 
stimulating hormone by the hypophysis. The fact that oestrin may 
cause gonad atrophy was later confirmed repeatedly (Wade and 
Doisy,** Ihrke and D’Amour,** Leonard, et al.,*° Spencer, et al.°). 
In connection with these experiments it seemed of interest to es- 
tablish whether testosterone would have similar effects. In order 
to obtain evidence concerning this question we treated rats chronic- 
ally with large doses of testosterone.* The first series consisted of 
12 normal and 9 castrate males, and 12 normal and 11 castrate 
females. It was divided into two groups as shown in Table I. The 
first group received daily subcutaneous injections of 200y of tes- 
tosterone in corn oil, beginning at the 25th day of life. Their con- 
trols, the second group, received a similar dose of cholesterol in oil 
or oil alone. In the normal males treated with testosterone the 
testes and scrota were obviously much smaller than in those not 
6 Korenchevsky, V., and Dennison, M., Biochem. J., 1934, 28, 1486. 
7 Halpern, S. R., and D’Amour, F. E., Proc. Soc. Exp. Bron. AND Mzp., 1934, 
32, 108. 
8 Zondek, B., Lancet, Jan. 4, 1936, p. 10. 
9 Cramer, W., and Horning, E. S., Lancet, May 9, 1936, p. 1056. 
10 McEuen, ©. S., Selye, H., and Collip, J. B., Lancet, Apr. 4, 1936, p. 775. 
11 Herrmann, E., and Stein, M., Zentralbl. f. Gyndkol., 1920, 44, 1449. 
12 Terada, M., Japan. med. World, 1927, 7, 233. 
13 Moore, ©. R., and Price, D., Proc. Soc. Exp. Brot. AnD Mep., 1930, 28, i; 
14 Wade, N. J., and Doisy, E. A., Proc. Soc. Exp. BIoL. AND Mep., 1931, 28, 714. 
15 Ihrke, E. A., and D’Amour, F. E., Am. J. Physiol., 1931, 96, 2. 
16 Leonard, S. L., Meyer, R. K., and Hisaw, F. L., Endocrinol., 1931, 28, 714. 
* The authors are indebted to Dr. Erwin Schwenk of the Schering Corporation 
for the testosterone used in these experiments. 
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treated with this hormone. The normal females treated with testos- 
terone went into permanent vaginal dioestrus within the first 2 
months of treatment, while the cycles in the cholesterol treated con- 
trols remained normal. The organ weights of this group are not 
recorded in the table as the animals have been kept alive for further 
observation. 

In a second series, consisting of 15 normal males and 15 normal 
females, 5 animals of each sex received the high dose of 2 mg. of 
testosterone in corn oil daily by subcutaneous injection. Five other 
males and 5 females received the same dose of cholesterol in oil, 
while the remaining 5 of each sex were left untreated. The animals 
were 36 to 38 days of age at the initiation of treatment and they 
were sacrificed on the 23rd day of the experiment. Their somatic 
weights and the weights of their endocrines are summarized in 
Table II. In all testosterone treated animals the testes and ovaries 
showed atrophy and the females became dioestric within the first 
7 days of testosterone treatment, while no such change was ob- 
served in any of the control groups. Histologically the mammary 
glands of all the testosterone treated animals were well developed 
and showed some secretion, while no development or secretion was 
observed in untreated or cholesterol treated females and only slight 
development was seen in the untreated males. The fact that the 
mammary gland of the normal rat (not that of the castrate) shows 
some development and that testosterone will stimulate the develop- 
ment of the mammary gland, both in the male and in the female 
castrate, has been described in previous communications.” eas 
is seen in Tables I and II there is no sign of somatic growth inhibi- 
tion in either group under the influence of testosterone; indeed, 
there appears to be a suggestion of growth stimulation, at least in 
the normal female. The hypophyses likewise failed to show any 
stimulation comparable with that obtained by us” with oestrin 
under similar conditions. 

Summary, No somatic growth inhibition was observed in the 
rat even when treated with very large doses of testosterone, although 
these same doses proved sufficient to inhibit gonad development in 
both sexes. It has been found that doses of testosterone which suf- 
fice to inhibit the growth of the gonad in both sexes and to cause 


Ce ee ee 
17 Selye, H., MeHuen, C. S., and Collip, J. B., Proc. Soc. Exp. BIoL. AND MEp., 


1936, 34, 201. 
18 McEuen, OC. S., Selye, H., and Collip, J. B., Proc. Soc. Exp. BroL. AND MED., 


1936, 35, 56. 
19 Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soc. Exp. Biot. AND MEp., 


1935, 32, 1377. 
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permanent vaginal dioestrus in the female do not cause hypertrophy 
of the hypophysis in either sex. In these respects, the effect of tes- 
tosterone on somatic and hypophyseal growth differs from that of 
oestrone, 
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Action of Arasaponins A and B. 


K. K. CHEN anv T. Q. CHou. 


From the Lilly Research Laboratories, Indianapolis, Indiana, and the Institute of 
Materia Medica, Shanghai, China. 


The Chinese drug San-ch’i has been botanically identified as 
Gynura pinnatifida,® ? although it has been named Aralia bipin- 
natifida® by Y. H. Chao. The plant is a short herb grown in south- 
western China. The root is the part that has been advocated in 
Chinese medicine chiefly as an astringent and hemostatic. Ina pre- 
vious note,® one of us (T. Q. C.) reported the isolation of 2 saponins 
from San-ch’i, arasaponin A and arasaponin B. The former melts 
at 195-210°C., has a specific rotation |a]p +23°, and conforms to 
the empirical formula C3o0Hs2O010; while arasaponin B melts at 
190-200°C., is also dextro-rotatory ([a]no+8°), and has an em- 
pirical formula C2esH3sOx5. Both substances are moderately soluble 
in water, foam forming upon agitation, 

Hemolysis experiments, 14 in all, were carried out according to 
the method described by Ponder‘ with both saponins at 37°C. It 
was found that arasaponin A laked a guinea pig’s red cells in the 
concentration of 1:4000 within 2 hours 43 minutes. Solutions of 
1 :2500, 1 :2000, 1 :1000, 1:750, 1:500, and 1:250 were more readily 
effective, but it still required 1 hour 14 minutes. Weaker concen- 
trations, such as 1:5000, 1:8000, and 1:10,000, had no hemolytic 
action at the end of 8 hours, Arasaponin A also hemolyzed dogs’ 
and monkeys’ blood, but the latent period was very long. For 
example, a 1:250 solution laked a dog’s red cells in 4 hours 34 

1 Botanica Nomenclature, Commercial Press, Shanghai, 1917, p. 23. 

Chen, C.J. Encyclopedia of Chinese Materia Medica, The World Press, 
Shanghai, 1924, 1, 38. 

3 Chou, T. Q., and Chu, J. H., Proc. Chinese Physiol. Soe., Tsingtao Meeting, 
1936, p. 12. 

4 Ponder, E., The Mammalian Red Cell and the Properties of Hemolytic Sys- 
tems, G. Borntraeger, Berlin, 1934, p. 139. 
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minutes, and the same concentration caused complete lysis in a 
monkey’s erythrocytes in 17 hours 44 minutes. No hemolytic action 
was observed with arasaponin A upon rabbits’, sheep’s, or pigeons’ 
red blood cells. 

Arasaponin B hemolyzed the red corpuscles of guinea pigs, dogs, 
and rabbits, although it required a long latent period even with 
concentrated solutions. For example, a concentration of 1:250 
laked a guinea pig’s erythrocytes in 3 hours, a dog’s in 4 hours 36 
minutes, and a rabbit’s in 5 hours 16 minutes. No hemolysis took 
place with monkeys’, sheep’s, or pigeons’ blood at the end of 24 
hours, a 1:250 solution of arasaponin B being employed. 

When injected intravenously into an etherized cat, neither arasap- 
onin altered the level of blood pressure, the heart rate, or the respira- 
tory rate, in doses varying from 1 to 20 mg. Similarly, no effect 
was noted on the motility of the isolated guinea pig’s uterus, or the 
isolated rabbit’s intestines, in concentrations of 1:50,000 and 


1 :25,000. 


TABLE I. 
Toxicity of Arasaponins A and B in Albino Mice by Intravenous Injection. 
Minimal lethal 
Dose, No. of mice No. of mice dose, 
Arasaponin mg.perkg. injected died mg. per kg. 

300 2 0 
350 2 0 
370 2 0 

A 400 2 0 460 
420 5 i 
440 5 1 
460 5 4 
200 2 0 
220 2 0 
240 2 0 

B 260 4 0 300 
280 5 2 
300 5 3 
2 2 


320 


As shown in Table I, the minimal lethal dose of arasaponin A is 
460 mg. per kg. in white mice by intravenous injection, and that 
of arasaponin B 300 mg. per kg. A 2% solution was used in each 
case. Death, asa rule, was prompt, although a few animals lingered 
for 20 to 30 minutes, or longer. A group of 6 guinea pigs survived 
doses of arasaponin A or B varying from 100 to 300 mg. per kg., 
administered by the saphenous vein. Erection of hair was the only 
sign observed. Gold fish immersed in arasaponins A and B for 24 
hours were not affected in concentrations of 1:500, 1:1000, and 
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1:10,000, except in one instance a fish finally died in a 1:1000 
solution of arasaponin A. 

Summary. The pharmacologic action of arasaponins A and B, 
isolated from the Chinese drug San-ch’i, has been investigated. 
Arasaponin A possesses a hemolytic action on the erythrocytes of 
guinea pigs, dogs, and monkeys. It has a minimal lethal dose of 
460 mg. per kg. in mice by intravenous injection. Arasaponin B 
has a hemolytic action upon the red blood cells of guinea pigs, dogs, 
and rabbits. Its minimal lethal dose in mice is 300 mg. per kg. when 
injected by the tail vein. 
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Prolonged Splanchnic Stimulation.* 


FREDERICK A. FENDER. (Introduced by Frederick L. Reichert. ) 
From the Department of Surgery, Stanford University School of Medicine. 


An attempt was made to determine the effect of prolonged bilat- 
eral electrical stimulation of the splanchnic pathways of a dog upon 
the level of systolic blood pressure. 

Blood pressure records were made by connecting a van Leersum 
carotid flap to a “Tycos”’ recording sphygmomanometer by means of 
especially constructed rubber bags and rigid tubing. The method 
has been checked against optical manometry and gives results con- 
sistently about 10% high; more than 2000 determinations in 8 dogs 
convinced us of its efficiency. 

Stimulation was provided by a method involving the use of sur- 
gically implanted secondary units excited by a primary field in which 
the animal is free to move. A frequency of 60 cycles was used at 
6-8 volts. 

Following construction of a carotid flap the subject, a robust 
12-kilo male terrier, was trained over a period of several weeks to 
lie quietly during blood pressure determinations. In the following 
3 weeks 89 records were made to serve as a base line. The average 
systolic pressure during this time was 143 mm. Hg. (all figures refer 
to records obtained by our method). Then and subsequently, except 
when the conditions of an intercurrent experiment dictated other- 


* Work done as Fellow of the Rockefeller Foundation. Financed by grants 
from the Committee on Scientific Research of the American Medical Association. 
1 Fender, Frederick A., Am. J. Physiol., 1936, 116, 47. 
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wise the systolic pressure for any one time was considered to be the 
average of 4 records with a “spread” of less than 15 mm. Hg. The 
average deviation of the daily levels, obtained in this way, from the 
period average, was 2.5 mm. Hg. 

November 4, 1935, a secondary unit with bipolar electrodes loose- 
ly encircling the splanchnic nerve just above the diaphragm, was 1m- 
planted on each side. On the fourth postoperative day a second 
control period of 22 days began. Eighty-four determinations in this 
period varied between 146 and 166 with an average of 156 mm. Hg. 
The slight rise was thought to be due to mechanical irritation of the 
splanchnics, as there was no indication of discomfort. 

Preliminary tests showed that stimulation (animal in cage) re- 
sulted in agitation and in a sharp rise in systolic level. The week 
of December 2-9, short periods of stimulation were used. Records 
made before the animal was put in the cage for stimulation averaged 
141 mm. Hg. for the week. Records made at least 2 hours after 
one-second periods of stimulation averaged 163 mm. Hg. 

Stimulation was then increased so as to keep the subject’s systolic 
blood pressure elevated throughout the day. For 5% months the 
subject’s systolic level was kept elevated 8 hours a day, 6 days a 
week. This level varied between 160 and 200 mm. Hg., with an 
approximate average of 175. In addition to daily routine deter- 
minations, frequent checks carried out during the “stimulation day’”’, 
and the conduct of the animal under stimulation, satisfied us that 
a real elevation was maintained. 

Stimulation was always followed by agitation as well as by an in- 
crease in blood pressure. However, 2 experiments under completely 
effective pentobarbital anesthesia in which sharp elevations of from 
25 to 30 mm. Hg. were obtained with stimulation, showed that the 
effect was not wholly due to emotional factors. 

In spite of the continued elevations during the day, the animal’s 
systolic level did not remain elevated without stimulation. The last 
16 morning determinations, made May 11 to 16 before the animal 
entered the cage, ranged from 120 to 137 mm. Hg. with an average 
of 128. 

May 23, 1936, it was noticed that the animal could avoid stimu- 
lation partially by selecting a certain position in the cage, and it was 
suspected that one of the coils had ceased to function. This proved 
to be the case at autopsy, May 29, when it was found that a ter- 
minal on the right coil had parted. The sympathetic trunks and 
splanchnic nerves showed no evidence of trauma, and a careful ex- 
amination of the organs by Dr. Klaus Rosencrans, especially inter- 
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ested in the pathology of hypertension, showed no significant de- 
parture from the normal. 

Throughout the experiment the animal’s blood urea level was fol- 
lowed at weekly intervals. There was no change. Dr. David 
Rytand made repeated examinations of the urine without discover- 
ing significant changes. 

Conclusion. The systolic blood pressure of a dog was main- 
tained at an elevated level 8 hours a day, 6 days a week, for 5% 
months without producing any lasting effect on the resting level. 
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Synthesis of Octopine (Pectenine). 


J. Locan Irvin anp D. WriGHT WILSON. 


From the Department of Physiological Chemistry, School of Medicine, University 
of Pennsylvania, Philadelphia. 


The compound isolated by Moore and Wilson! from Pecten muscle 
and called pectenine by them is probably identical with octopine 
previously isolated by Morizawa.? The arguments in favor of this 
statement will be given in a forthcoming publication. 

Octopine was characterized by Moore and Wilson and, on evi- 
dence which was not quite complete, they concluded that the com- 
pound is probably arginine, the a-amino group of which is attached 
to the a-carbon atom of propionic acid. In order to confirm this 
conclusion a synthesis has been carried out as follows’: d-arginine 
methyl ester dihydrochloride was treated with the ethyl ester of d-l, 
a-bromopropionic acid in absolute ethyl alcohol containing a little 
zinc dust and potassium iodide. Two equivalents of sodium ethylate 
were added at once and another equivalent added during the early 
part of the period of boiling which was continued for 24 hours. The 
esters were hydrolyzed with acid and the material was precipitated by 
silver and baryta. After decomposing the precipitate, the small 
amount of arginine was removed with flavianic acid and a picrate 
was obtained from the filtrate after extraction of the flavianic acid. 

The recrystallized picrate melted with decomposition at 219°, 

1 Moore, E., and Wilson, D. W., J. Biol. Chem, 1934, 105, xiii; Am. J. Med. 
Sei., 1935, 190, 143; J. Biol. Chem., 1936, 114, Ixxi, 

2 Morizawa, K., Acta Schole Med. Kioto, 1927, 9, 285. 

3 Ruzicka, L., and Fornasir, V., Helv. Chim. Acta, 1920, 3, 806. 
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Octopine picrate melted at 224° and a mixed melting point was 
219° (all uncorr.). The new picrate when analyzed by the Jorpes 
modification of the Sakaguchi method gave 97% of the expected 
color when octopine was used as a standard. The color given by 
the new picrate with the Sakaguchi reagents was identical with 
the purple color given by octopine. Picric acid analysis yielded the 
following results: Calculated for CyHisNsO..CsH,;N;O, 48.20%, 
found 48.31%. The compound showed no free amino nitrogen 
with the Van Slyke method. The specific rotation, after removal 
of the picric acid, was +10° while the specific rotation of natural 
octopine is +20°. The free compound was crystallized from water 
by adding alcohol. The synthetic material melted at 257-60° ; octo- 
pine melted at 266-68° and a mixture melted at 264-67° (uncor- 
rected. All melted with gas evolution). The pH of dilute water 
solutions of both the synthetic and natural compounds was about 
6.4. These results suggest that we have prepared partially inactive 
octopine. We plan to treat d-arginine with optically active bromo- 
propionic acid. 
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Quantitative Assay of Insulin Effect. 


PeTrer HEINBECKER, MICHAEL SomocyrI AND T. E. WEICHSEL- 
BAUM. 


From the Department of Surgery, Washington University School of Medicine, and 
the Laboratories of The Jewish Hospital, St. Louis, Mo. 


In the post-absorptive state the constancy of the blood sugar level 
is an expression of a well-maintained balance between glycogenolysis 
and the withdrawal of sugar from the blood stream. The fall of 
the blood sugar level subsequent to an injection of insulin is re- 
garded as the result of an inhibition of the glycogenolytic process, 
the withdrawal of blood sugar going on unaltered.» ** The degree 
to which the blood sugar is lowered is not in direct proportion to the 
insulin dosage.* One may increase the insulin dosage considerably 
in the lower and higher ranges with little or no increase in the degree 
of blood sugar depression. The effect of the larger dose expresses 


1 Issekutz, B. von, Biochem. Z., 1927, 147, 264; 148, 283. 

2Sahyum, N., and Luck, J. M., J. Biol. Chem., 1929, 85, 1. 

3 Cori, G. T., Cori, C. F., and Buchwald, K. W., Am. J. Physiol., 1930, 98, 273. 
4 Scott, E. L., and Dotti, Louis B., Arch. Int. Med., 1932, 50, 511. 
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itself in a maintenance of the maximum depression for a longer time 
period and in a slowing of the rate of return to the initial level. It 
follows that the effect of injected insulin lasts as long as the blood 
sugar is below the post-absorptive level. The quantitative deter- 
mination of insulin action must, therefore, involve the measurement 
of both the intensity of blood sugar depression and its duration. 

The times chosen by MacLeod and his coworkers’ for determining 
blood sugar as a measure of insulin effect are suitable on the basis 
of the above postulate when relatively large doses are employed 
(0.5 units per kilo or over). Himsworth*® has sought to measure 
the sensitivity of man to insulin by measuring the area enclosed by 
the depression curve below the resting level for the first 15 minutes. 
Scott and Dotti (loc. cit.) measured insulin response in terms of 
blood sugar depression at what they regard as optimum interval: 
30 minutes after administration. They found that the proportionality 
between the blood sugar change and insulin dosage over a range of 
dosages from 1/16 to %4 unit per kilo followed a logarithmic rather 
than a direct relationship. Neither of the 2 latter insulin blood 
sugar relationships is an adequate measure of insulin action in the 
sense that it is an inhibitor of the glycogenolytic process in the liver. 
Scott and Dotti’s method applicable in the study of large groups 
does not serve well for small numbers. 

Insulin action in its entirety seems best expressed by the area 
confined by the blood sugar curve and a line parallel to the abscissa 
which intersects the curve at the initial post-absorptive level. No 
direct proportionality exists between insulin dosage and such areas 
even under strictly uniform experimental conditions in the same 
animal on a uniform diet. For example, in 4 dogs given 0.3 and 
0.15 units per kilo at a 2-day interval the average ratio of the areas 
was 1.57, the individual variations being considerable. In 12 normal 
dogs given 0.5 and 0.25 units per kilo the areas of response at a 
similar interval showed a ratio of 3.73, the individual variations 
being less than in the previous group. It was found consistently 
that in the lower dosage ranges doubling the dosage causes consid- 
erably less increase in insulin action than in the higher dosage 
ranges. The inference is made that in the former a relatively larger 
quantity of insulin is required for the initiation of the insulin effect 
than is left to carry it on. Variable factors in the glycogenolytic 
system preclude proportionality in the complete insulin effect. The 
effect of 2 insulin samples or of 2 different dosages of the same 

5 MacLeod, J. J. R., Carbohydrate Metabolism and Insulin, 1936, Longmans, 


Green and Company, Ltd., London. 
6 Himsworth, H. P., Clin. Science, 1935, 2, 67. 
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insulin preparation is considered identical when they produce blood 
sugar curves of similar form and magnitude. Under this condition 
all the variables, known and unknown, are so integrated as to repre- 
sent the equivalent of a single factor, the insulin dosage. 

Such a method of insulin assay has been roughly applied by us to 
measure the change in insulin response in dogs at 4 weeks and at 12 
months after hypophysectomy. Under uniform conditions it was 
found that intravenous insulin 0.25 units per kilo produced blood 
sugar curves similar to those obtained by the use of 0.5 units per 
kilo before operation (Fig. 1). Twelve months after operation 
these animals were approximately 4 times as sensitive as when 
normal. 
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A. Blood sugar curves illustrating insulin effect in a dog before and 4 weeks 
after hypophysectomy. Preoperative dosage was 0.5, postoperative 0.25 units per 
kilo. The curves are approximately comparable-—Normal curve unbroken curve, 
after hypophysectomy broken. 

B. Similar curves on a second dog 4 weeks after hypophysectomy. Insulin 
dosages as in A. 

C. Blood sugar curves from same animal as for B. Dosages were 0.25 units 
4 weeks after operation and 0.125 units per kilo one year after hypophysectomy. 

D. Blood sugar curves on same animal as for C preoperatively and one year 
after operation. Preoperative dosage 0.25 units, postoperative 0.06 units per kilo. 
Note that C and D both indicate a postoperative insulin effect approximately four 
times that found for this dog preoperatively. 
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Physicochemical Changes of the Blood in Experimental Throm- 
bopenic Purpura.* 


LEANDRO M. TocantTINS. 


From the Department of Pathology, Jefferson Medical College and Hospital, 
Philadelphia. 


A broader understanding of the mechanism of hemostasis Te- 
quires, among other things, a systematic investigation of the physical 
and chemical constants of the blood during disturbances of that 
function. The present report summarizes observations on the venous 
pressure and viscosity of the blood, the colloid osmotic pressure 
and proteins of the plasma at various stages of thrombopenic pur- 
pura produced in dogs experimentally with antiplatelet serum. 

The type of dog, their diet and living conditions, the method 
for preparation and standardization of the serum, counting plate- 
lets, measuring clot retraction, the mean bleeding time and petechial 
reaction of the skins have been described elsewhere.» * In the 
Present group the bleeding time was done on at least 3 locations in 
the skin of the abdomen and thorax and discontinued if it ex- 
ceeded 900 seconds. Venous pressure was measured by the direct 
method with a 22 gauge needle connected by a 2-way stop-cock to a 
manometer filled with salt solution. Pressures were taken, with a 
minimum of trauma, in the arm and leg vein each time, with the 
animals lying horizontally and the extremity held at the approx- 
imate level of the heart; at least 10 seconds were allowed for sta- 
bilization of the pressure. Viscosity of the blood and plasma were 
measured in a Hess viscosimeter at 20°C. (+£0.5°), critical negative 
pressures of 50 mm. Hg. for plasma and 100 mm. Hg. for blood 
being used to move the columns of liquid. The average of at least 
5 readings was taken each time. Colloid osmotic pressure of the 
plasma was measured in duplicate, in Wells’ micro osmometer,* with 
collodion membranes having permeability numbers between 15x10 
and 30x10°, and adhering in all details to Wells’ technique. Plasma 
proteins were analyzed in duplicate by the macro Kjeldahl method. 
Globulin was precipitated at 38°C. with 22.5% sodium sulphate.® 


* Aided by a grant from the J. Ewing Mears Research Fund. Miss Katherine 
Pierpoint rendered technical assistance. 


1 Tocantins, L. M., Arch. Path., 1936, 21, 69. 


2 Tocantins, L. M., Ann. Int. Med., 1936, 9, 838. 

3 Tocantins, L. M., Am. J. Clin. Path., 1936, 6, 160. 
4 Wells, H. S., Am. J. Physiol., 1932, 101, 409. 

5 Howe, P. E., J. Biol. Chem., 1921, 49, 109. 
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Fibrinogen was analyzed as fibrin by the method of Cullen and Van 
Slyke.° Nitrogen values were converted into protein values by mul- 
tiplying by the factor 6.25. Non-protein N was determined in the 
plasma filtrate after precipitation of the protein with 10% tri- 
chloracetic acid. Each group of determinations was done in a 
single sample of blood collected without stasis from the jugular 
vein of the fasting animal into a syringe containing a small amount 
of a 25% solution of potassium oxalate. This introduces a dilu- 
tion of a little less than 2%. Studies were carried out before, dur- 
ing and after the thrombopenia induced by a slow intravenous 
injection of a moderate dose of antiplatelet serum (0.1 cc. per kilo 
body weight). Eight experiments were performed on 5 animals. 
Three of the animals received 2 injections, not more than 4 days 
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‘Effect of the injection of antiplatelet serum (indicated by arrows) on 4 dogs. 
The first determination after each injection was performed 2 hours after the serum 


was administered. 
6 Cullen, G. E., and Van Slyke, D. D., J. Biol. Chem., 1920, 41, 587. 
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apart; the remaining 2 received a single injection each. A figure 
was considered significant when it differed from the mean normal 
for that determination by more than 2% times the standard devia- 
tion. Each correlation coefficient was calculated from groups of 76 
to 107 pairs of variables and was considered significant if it eX- 
ceeded 6 times its probable error. Results in 4 dogs are illustrated in 
Fig... 

There was little difference between the findings in animals that 
were given 2 injections and those that received a single one, although 
in the former the period of thrombopenia was twice as long as in 
the latter. Changes in the blood 2 hours after an injection were 
less marked after the second injection. With exception of the blood 
viscosity and non-protein nitrogen, most changes during and after 
the phase of purpura were unimportant and could be attributed 
chiefly to variations in concentration of the blood as a result of cir- 
culatory disturbances induced by injection of the antiserum. For 
example, 2 hours after an injection nearly all measurements showed 
a decrease of approximately equal magnitude (averaging about 
20%). In the absence of information on fluctuations of the blood 
and plasma volume at various periods of the experiment, it is not 
possible to state how much these changes were due to dilution or 
concentration of blood. The experiments were intended primarily, 
however, to find out whether any characteristic changes in the 
physicochemical properties of the blood occurred when the tendency 
to prolonged bleeding existed; therefore, the prevailing values, 
whether they were the result of blood dilution or concentration, 
should answer this point. Since nearly all values decreased 2 hours 
after an injection, the regularly occurring increase in non-protein 
N, although small (+19.8% ), must have some significance. Because 
this N was not fractionated, it is not possible to state in what frac- 
tion the increase occurred. In dogs that lost a moderate amount of 
blood the decrease in total cell volume led to a significant diminution 
in blood viscosity. The average percent decrease in percent cell 
volume and in blood viscosity in the animals given 2 injections was 
about the same (-—34.2% and —33.7% respectively) and occurred 
about 4 days after the second injection. In those that received a 
single injection the decreases were similar in magnitude (—29.9% 
for the percent cell volume and —33.6% for the blood viscosity) and 
appeared about the 3d day after the injection. There was a high 
direct correlation between the percent volume of cells in the blood 
and blood viscosity (+0.803+0.027 ). Although the correlation 
between the blood viscosity and mean bleeding time was not signifi- 
cant (—0.319+0.069), the decrease in blood viscosity during an at- 
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tack of purpura might influence bleeding, not by affecting its dura- 
tion, but by allowing a greater volume output of blood per unit time 
from the wound. An increase in mean output of blood per second 
from wounds is often found in clinical and experimental thrombo- 
penias.~ 

There were several significant correlations between the physico- 
chemical variables themselves, which will be taken up elsewhere. 
Besides those already stated, there were few significant zero or first 
order correlations between the mean bleeding time, number of 
platelets, hematocrit, clot retraction, petechiz reaction and each of 
the physicochemical variables. One of the highest correlations 
found was between the amount of fibrinogen and mean bleeding 
time (—0.413+0.059), thus reinforcing clinical knowledge of the 
occasional association, causal or otherwise, between fibrinopenia and 
prolonged bleeding from wounds. Within the range of values 
observed in this study there was no significant correlation between 
the degree of clot retraction and the fibrinogen content of the blood 
(+0.036+0.73) thus supporting the fact that qualitative changes in 
the fibrin play a more important part in determining that property of 
the clot, other things being equal, than quantitative changes.’ There 
was a moderately high, direct correlation between the number of 
blood platelets and the total protein content of the plasma (+-0.403+ 
0.063). Changes in globulin were perhaps largely responsible for this 
significant correlation, since disintegration of platelets is said to in- 
crease the globulin content of the medium* and, of the proteins 
studied, the globulin fraction showed the greatest correlation with 
the number of platelets (+0.304+0.064). A decrease in globulin 
is observed in clinical and experimental thrombopenia,* an increase 
following a phase of thrombocytosis.*° 

The physicochemical forces studied do not apparently play a 
dominant part in the mechanism of disturbed hemostasis. Investi- 
gation of these forces was carried out because it was felt that the 
number of blood platelets alone did not adequately explain the dis- 
turbance of this mechanism in thrombopenic purpura.” Subsequent 
experiments have indicated that any correlation between platelets and 
bleeding must be established from counts on arterial blood™ and that 
a volume increase in platelets may, at times, compensate partially 
for a deficiency in numbers. 


7LeSourd, L., et Pagniez, P., J. de Physiol. et Path. Gener., 1913, 9, 812. 
8 Comhaire, S., Roskam, J., and Vivario, R., Com. Rend. Soc. Biol., 1934, 
117, 72. 
9 Jurgens, R., Dewt. Arch. klin. Med., 1931, 171, 378. 
10 Frey, H. C., Deut. Arch. klin. Med., 1928, 162, 1. 
11 Tocantins, L. M., Proc. Physiol. Soc. Phila., Am. J. Med. Sci., 1936, 192, 150. 
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Summary. The blood of dogs with thrombopenic purpura in- 
duced by antiplatelet serum shows a moderate decrease in blood vis- 
cosity (directly correlated with a decrease in total cell volume) and 
a transient increase in non-protein nitrogen. The venous pressure, 
plasma viscosity, total and specific colloid osmotic pressure and 
plasma proteins do not undergo significant changes. 
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Hyperalimentation in Normal Animals Produced by Protamine 
Insulin. 


Eaton M. MacKay anp James W. CALLAway. 


From the Scripps Metabolic Clinic, La Jolla, California. 


Beginning some years ago there were clinical reports’ that un- 
dernourished, non-diabetic patients gained weight under the influence 
of insulin. The latter is regarded as stimulating the appetite, 
leading to a higher caloric intake of food. It is now used for this 
purpose by many although good proof that it is efficacious is still 
lacking. The reason for this is because of the many factors involved 
in such clinical observations. Experiments on animals have been 
disappointing, such as the negative results recorded for rabbits.® 
In experiments on normal rats carried out some seven years ago 
with ordinary insulin we were unable to influence either the food 
intake or body weight. In an attempt to duplicate experimentally 
with protamine insulin the occurrence of fatty livers, which has been 
attributed to chronic hypoglycemia in patients,” we were sur- 
prised by the marked influence on alimentation. A typical experi- 
ment is presented in Fig. 1. Each group of rats was composed of 
3 adult males of about the same weight. They were on a diet sup- 
plied ad lib. and containing casein 25, starch 40, butter fat 15, lard 
10, brewers yeast 5 and standard salt mixture 5. Protamine zinc 
insulin* was given subcutaneously in doses of 8 units (0.2 cc.) per 


1 Bauer, R., and Nyiri, W., Med. Klinik, 1925, 21, 1454. 

2 Boekheler, T., Munch. Med. Woch., 1926, 78, 1921. 

8 Haemmerli, A., Schweiz. Med. Woch., 1926, 56, 1095. 

4 Bauer, R., Klin. Woch., 1928, 7, 17438. 

5 Fonseca, F., Arch. f. Verdauungs Krankheit., 1928, 42, 362. 

6 Long, M. L., and Bischoff, F., J. Nutrition, 1930, 2, 245. 

7 Judd, H.S., Kepler, E. J., and Rynearson, E. H., Am. J. Surg., 1934, 24, 345. 

* We are indebted to Eli Lilly & Company of Indianapolis for the supply of 
Protamine zine insulin used in this investigation. 
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rat, twice a day asarule. The increase in food intake is remarkable 
and there is a corresponding increase in body weight. When insulin 
injections are stopped the compensatory decrease in food intake iS 
interesting. A food box was accidentally left out of the cage of 
one insulin-treated group for only 4 hours and all of the rats died 
in hypoglycemia before it was returned. Other details will be 
brought out in a later report. Our results suggest that whatever 
good results ordinary insulin may have in human undernutrition, 
the protamine compound will prove much better. 
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Effective Stimulation of Crop-Sacs by Prolactin in Hypophysecto- 
mized and in Adrenalectomized Pigeons. 


JAMEs P. SCHOOLEY, Oscar RIDDLE AND RoBert W. BATES. 


From the Carnegie Institution of Washington, Station for Experimental Evolu- 
tion, Cold Spring Harbor, N. Y. 


Four years ago 2 of us’ reported the stimulation of the crop-sacs 
of one completely (and of another incompletely) hypophysecto- 
mized pigeon with prolactin. Subsequently this result was confirmed 
by other tests which were not published. Recently Gomez and Tur- 
ner* reported failure to obtain such stimulation, even with the sen- 
sitive local crop-sac method, on 16 completely hypophysectomized 
pigeons. Following acquaintance with their results our own series 
of unreported tests was increased sufficiently to provide a quantita- 
tive measure of the effect of hypophysectomy on the crop-sac re- 
sponse. These and other data relating to this response after hypo- 
physectomy or adrenalectomy are presented here. 

Hypophysectomy was done by the parapharyngeal route which 
permits the removal of the anterior pituitary with but little loss of 
posterior lobe tissue in most cases. Completeness of removal of 
anterior pituitary tissue (or of other extirpated tissue) was inves- 
tigated with serial sections in all cases. Intramuscular injection only 
was employed. The chief criterion of crop-sac stimulation was its 
increased weight; but crop-milk formation was observed in most of 
the much prolonged tests as well as in slightly more than half the 
4-day tests, and histological proof of active cell division (including 
colchicine test) was observed in the few cases thus studied at the 
end of the usual 4-day term of injection. Common pigeons of 
various races (and ages) were used. The “control” crop-sac 
weights listed in Table I are average values of unstimulated crop- 
sac areas obtained for groups (4 to 14) of unoperated birds of the 
same race. 

The data of Table I make it fairly evident that when less than 5% 
of anterior pituitary tissue is present the crop-sac response (increase 
in weight) is hardly different from that in complete hypophysec- 
tomy; and our own fuller information indicates that the factor of 
race—together with the marked difference in body weights—is 

1 Riddle, O., Bates, R. W., and Dykshorn, S. W., 4m. J. Physiol., 1933, 105, 
TONE 


* Gomez, E. T., and Turner, C. W., Proc. Soc. Exp. Brot. AND MEp., 1936, 
35, 59. 
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' TABLE I. 
Growth Response in Crop-Sacs of Hypophysectomized (and Other Operated) Adult 
Pigeons to 4 Daily Injections of Prolactin. 


Weight of crop-sacs 


No. Age when Time since Prolactin pe 

of killed, operation, Body wt., daily, Control, Found, 

bird mo. days gm. units mg. mg. 

Hypophysectomy complete. 
1 16.3 177 530 30 1265 4800 
2 26.0 191 428 30 1032 4700* 
3 20.0 8 361 30 890 2755 
4 16.2 8 298 30 800 2830 
5 32.4 8 547 30 1265 4145 
6 7.8 14 436 30 950 2865 
rf 8.8 14 326 30 726 2855 
Less than 1% pituitary present. 

8 ase 8 516 30 1265 5475 
9 9.5 8 426 30 925 5215 
10 ded 14 449 3 1050 2200 
11 159) 111 454 30 1025 6070 
Less than 5% pituitary present. 

12 28.8 170 264 30 726 5300t 
13 18.1 287 374 30 1012 3915 
14 27.5 162 572 5 1350 1665 
15 20.6 116 280 5 726 895 
Adrenalectomized only. 

16 18.0 8 517 30 1300 7570 
17 2.8 6 588 30 1300 5380 
Thyroidectomized only. 

18 33.0 180 279 15 630 4060 
19 29.0 30 510 50 1025 17620§ 


*This bird also completely castrated 58 days before. 

tInjected for 7 days (giving greater response than 4 days). 

+A trace of adrenal present on right side. 

§Fragment (6.8 mg.) of one thyroid present; dosed with prolactin, thyrotropic 


and F.S.H. for 9 days. 


chiefly responsible for the wide variation in the values obtained in 
birds Nos. 1 to 13. When we calculate’ the crop-sac response Orel 
of these birds (No. 12 omitted because injected for 7 days), each 
of which was injected with a total of 120 prolactin units, it is found 
that the weight of their crop-sacs correspond to only 63 units. 
Moreover, these 63 units must be divided by 4, since these crop-sac 
weights were obtained in adults—whose response averages about 4 
times greater than that of the immature birds utilized in all original 
prolactin assays. Thus the average crop-sac weight obtained in 
these adult hypophysectomized pigeons is that expected to result 
from only 16 instead of 120 prolactin units; in other words, this 
response in the crop-sac of the hypophysectomized pigeon is only 
about one-eighth that of the normal mature pigeon. Injections were 
begun in this series of birds at periods ranging from + to 283 days 


after hypophysectomy. 
It is clear that the crop-sacs of hypophysectomized pigeons are 
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effectively stimulated by prolactin; and equally clear that very much 
more prolactin is required to give a particular amount of prolifera- 
tion than in the intact pigeon. Some impairment of crop-gland 
structure by this operation is scarcely a matter of surprise; it is still 
to be shown that there is any organ of the body which remains unaf- 
fected by complete removal of the anterior pituitary. We suppose 
that the quantity of prolactin injected (intramuscularly or intra- 
dermally ) by Gomez and Turner was too small to give them a defi- 
nite response in their pituitaryless birds. 

Table I also lists data indicating that the crop-sacs of an adult 
adrenalectomized pigeon respond to prolactin when dosage was 
begun 4 days after this operation. For a completely thyroidecto- 
mized pigeon a like result was obtained from dosage beginning 176 
days after thyroid removal. 

TABLE II. 


Growth Response in Crop-sacs of Very Young Completely Hypophysectomized 
Pigeons Dosed During 2 to 38 Days with Various Quantities of Prolactin. 


Age (after hatching) Dosage 

———— > Wt. of 
No. When When Prolactin crop-saes 
of operated, killed, Body wt., daily, Duration, found, 
bird days days gm. units days mg. 
20 12 29 230 25 18 2155 
21 10 22 152 25 11 1440* 
22 13 35 183 25 20 1415* 
23 14 23 126 25 21% 970 
24 12 28 170 25 4 710 
25 8 21 116 6 12 885* 
26 10 27 191 2 17 2705* 
27 8 33 147 6 22 1280* 

Whole A.P. extract injected (prolactin content known). 
28 17 30 170 25 13 2435 
29 12 21 152 25 9 2225 
30 8 18 187 12 5 2780* 
31 16 58 215 12 38 2150*' 
32 8 31 298 10 23 8510* 


*More or less secretion present. 


The data of Table II demonstrate that after removal of the pitui- 
tary from very young pigeons their crop-sacs respond to prolactin 
by growth and secretion. In all of the 13 tests—including the small 
crop-sacs (and short-term dosage) of Nos. 23 and 24— effective 
stimulation was obtained. In these tests dosage was started 0 to 12 
days after operation and continued from 2 to 38 days. The daily 
dosage varied between 2 and 25 units. These variables of time, 
dosage, age and size provide data of some additional interest though 
we cannot supply control crop-sac weights (relatively larger in 
young than in adults) for these young squabs. In somewhat older, 
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and in adult, pigeons usual dosages of prolactin are continued during 
about 4+ to 6 days before the secretion of crop-milk begins. The 
tabulated data show that under small or moderate dosage (2 to 12 
units daily) these very young hypophysectomized birds may begin 
crop-milk secretion within as little as 5 days, and they may also 
secrete at least as late as the 38th day. The effect of long-continued 
or of excessive stimulation of the crop-sacs of either normal or hypo- 
physectomized pigeons is otherwise quite unknown. 

Summary. In all of 20 pigeons completely hypophysectomized 
from 1 to 287 days earlier the crop-sacs were stimulated by prolactin 
to proliferation, and often to crop-milk formation within 4 days. 
These complete responses were obtained in both very immature and 
in adult individuals. Quantitative measurements made on the oper- 
ated adults show, however, that their crop-sac response is only about 
one-eighth that of unoperated mature pigeons. 

Complete adrenalectomy did not prevent the usual response of 
the crop-sacs to prolactin in a test started 4 days after operation. 
Thyroidectomy did not significantly affect the usual crop-sac re- 
sponse to prolactin in a pigeon operated 176 days earlier. 
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Erythrocyte Count in Four Inbred Strains of Mice. 


Ratpu J. Kamenorr. (Introduced by A. J. Goldforb.) 


From the City College, New York City, and the Department of Genetics, Carnegie 
Institution of Washington, Cold Spring Harbor, L. I. 


Since wide variation in the erythrocyte count for adult mice (Mus 
musculus) appears in the literature, the problem of whether this 
variation is genetic arose. It also seemed desirable to establish a 
mean red cell count on a more adequate number of animals than 
usually reported. 

The figures given by various authors for erythrocyte counts (in 
millions per cu. mm.) are as follows: Simmonds,’ 6 to 8; Mixter 
and Hunt,” 9.7 for ‘“‘non-flexed” based on 12 animals and 11.2 for 
“flexed” based on 16 animals; Kamenoff,’ 9.9 for “non-flexed”’ 
based on 13 and 10.9 for “flexed” based on 5. The following figures 
are summarized from Scarborough‘ (in millions per cu. mm. ): 


1Simmonds, J. P., Anat. Record, 1925, 30, 99. 

2 Mixter, R., and Hunt, H. R., Genetics, 1933, 18, 367. 

3 Kamenoff, R. J., J. Morph., 1935, 58, 117. 

4 Searborough, R. A., Yale J. Biol. and Med., 1930, 3, 272. 


412 ERYTHROCYTE COUNT IN INBRED STRAINS OF MICE 


Author Aver. Maximum Minimum No. of animals 
Goodall5 10.9 == ia == 
Klienenberger and Carl6 9.7 11.0 Ten 8 
Khenenberger and Carlé 10.7 12.4 8.9 8 
Lange? 9.3 a = — 
Meyer8 8.3 = ——= er 
Sundstroem? 10.1 — — 10 
Searborough’s average 

of these figures Soll 


The work here reported was done in the laboratory of Dr. E. C. 
MacDowell of the Department of Genetics of the Carnegie Insti- 
tution of Washington for which the author wishes to thank Dr. 
MacDowell, as well as for the use of his inbred mice strains. 

The blood counts were made on samples of blood drawn from the 
tip of the tail and diluted 2, 3, or 4 to 1,000. Usually 2 counts 
were made from a single sample from each mouse. The mice were 
adult breeding stock in good condition and from 6 weeks to one 
year old. They were from 4 of the highly inbred strains main- 
tained at the Carnegie Institution laboratory in Cold Spring Har- 
bor. Each strain had been brother-sister inbred for over 30 gen- 
erations, and were thus highly homozygous. The strains used were, 
first, an albino strain known as Bagg Albino (B. Alb.); second, a 
dilute brown strain (d. br.); third, a black strain known as C 58 
(the strain used extensively by Dr. MacDowell in his leukemia 
work) ; and fourth, a pink eye dilute brown strain known as Storrs- 
Little (Sto-Li), 

In Table I the mean, with its standard error, of each of the lines 
is given as well as the number of animals on which each figure is - 
based. There is practically no difference between the means of the 
4 strains. However, in all the strains the mean red count of the 
males is higher than that of the females, although possibly not 
significantly so in the C 58’s. The mean for all males together, 
irrespective of strain, is 10,019,400 + 68.900 and of the females 
9,225,000 + 46,700 with a difference of 794,431 + 83,300, a sig- 
nificant difference. The mean for all 11 animals, irrespective of 
sex and strain, is 9,552,000 + 58,700. 


In Table II the red cell count for the extreme individual of each 
sex of each strain is given. Although the range in each strain is 


5 Goodall, A., J. Path. and Bact., 1910, 14, 195. 

6 Khienenberger, ©., and Carl, W., Die Blut-Morphologie der Laboratoriums- 
Tiere, Leipzig, 1912. 

7 Lange, Zool. Jahrb., 1919, 36, 657. 

8 Meyer, S., Folia hematol., 1924, 30, 195. 

®* Sundstroem, E. S., Am. J. Physiol., 1922, 60, 443. 
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TABLE II. 
Extreme Erythrocyte Count in Several Strains (in corpuscles per cu.mm.). 
High Low 

“ee Gx +... hs eee 
Strain male female male female 
BL Alb, ———«211,893,000 10,660,000 8,580,000 7,455,000 
C58 10,110,000 11,657,000 9,013,000 6,693,000 
Sto-Li 11,613,000 11,187,000 8,625,000 6,696,000 
d. br. 11,507,000 10,487,000 8,608,000 7,600,000 


extremely wide, the ranges of the different strains do not differ 
materially. 

From these data, therefore, it must be concluded that these 4 
strains do not have an inherited difference in the number of erythro- 
cytes; and, since highly homozygous stock was used, the variations 
within each strain are not genetic but extrinsic in origin. Further, 
the average erythrocyte count of 9,700,000 per cu. mm. given in 
Scarborough, based on the work of 5 separate authors on an assumed 
total of 48 animals, does not differ widely from the count of 
9,550,000 per cu. mm. based on 118 animals in this study. 
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Experimental Fever Therapy in Myxomatosis and Fibroma of 


Rabbits.* 


Earu B. McKINLEY AND ELLEN G. ACREE. 


From the Department of Bacteriology, Hygiene and Preventive Medicine, School 
of Medicine, George Washington University, Washington, D. C. 


We have recently attempted to test the effect of induced fever on 
the development of myxomatosis and fibroma in rabbits. There 
are a large number of fever machines? in use in clinics and in offices 
of practicing physicians, and the subject of fever therapy in various 
pathological conditions is growing rapidly in importance. In some 
of these, notably in the acute pelvic inflammation due to Neisseria 
gonorrhee, the treatment has proved its efficiency and worth. In 
other conditions fever therapy is employed experimentally, or em- 
Pirically, as in the case of arthritis. Clinical results are good, bad, 
and indifferent, depending upon the individual patient and his dis- 


* Appreciation is expressed to the General Electric X-Ray Corporation for its 
courtesy in supplying us its Inductotherm for experimental use. 
1 Krusen, Frank H., J. 4m. Med. Assn., 1936, 107, 1215. 
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ease. While this type of therapy has been directed for the most part 
toward bacterial inflammatory conditions, little has been done with 
the virus diseases. The authors, therefore, have attempted to set 
up crucial experiments with the viruses of myxomatosis and fibroma 
in order to determine if induced fever would affect these virus 
processes in any way. 

In the first place, we selected the Inductotherm apparatus manu- 
factured by the General Electric X-Ray Corporation” * as one suit- 
able for working with small animals such as rabbits, and for con- 
venience in the laboratory. The principle of this apparatus is that 
of electromagnetic induction, with vacuum tube oscillator which 
generates an alternating current of 12,000,000 cycles per second. 
Such a device produces heat in electrolytes in direct proportion to 
the electrical conductivity of such electrolytes and should produce 
heat in living tissue in proportion to the vascularity of the tissue. 

In testing this heating apparatus on normal rabbits, we found that 
the animals withstood rather prolonged heating if gradually accus- 
tomed to it, but rapid heating for even 10 to 20 minutes frequently 
killed the animals. Temperatures as high as 107°F. to 110°F. could 
be reached in from 10 to 40 minutes, but the animals did not sur- 
vive. On the other hand, temperatures could be raised gradually to 
106°F. or 107°F. within 5 to 10 minutes, and fever would persist 
in the animal for a couple of hours or more without any ill effects. 
When the temperature fell, it could be gradually raised again and the 
animal survived. 

After learning the limitations of the apparatus and something of 
the resistance of normal rabbits, we tested the effect of rather pro- 
longed and repeated fever on animals infected with the viruses of 
myxomatosis and rabbit fibroma. At first these virus tumors were 
allowed to develop to clinical proportions before fever therapy was 
begun. Under these conditions, the fever therapy had no effect at 
all on the progress of the disease process. Gradually the time was 
shortened until we began fever therapy immediately following 
injection of the animals with the viruses. The experiment was 
divided into 2 groups. The first group was given a single 10-minute 
heating period daily, and the second group 2, 3, or, when the ani- 
mal’s condition permitted, 4 heating periods daily. Occasionally it 
was necessary to lessen the heating time in order to save the animal 
since the temperature continued to rise even after the current was 
turned off. In some instances the maximum temperature was not 


2 Council on Physical Therapy, J. Am. Med. Assn., 1935, 104, 1706. 
3 Council on Physical Therapy, J. Am. Med. Assn., 1936, 106, 1091. 
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reached until 15 to 18 minutes later. Between heatings the tem- 
perature was allowed to drop gradually to a point sufficiently low for 
further treatment. The return to normal temperature required 
from an hour to an hour and a half. In myxomatous animals, the 
diseased condition was so advanced after 6 days that treatment was 
discontinued and death occurred from 2 to 3 days later. In animals 
infected with fibroma, daily treatments over a period of 2 weeks 
did not retard the progress of the disease. Again fever therapy had 
no effect upon the ultimate development of these 2 virus diseases in 
the animals. 

While our report is, therefore, of a negative nature, it is impor- 
tant perhaps to point out that, under the conditions of our experi- 
ments, and with the 2 viruses mentioned, fever therapy is apparently 
without value. In the cases of these 2 viruses, therefore, we have 
contrast with certain bacterial infections (such as Neisseria gonor- 
rhee) where fever therapy has been found efficacious. It would 
seem that at least some viruses are more resistant to induced high 
temperatures than are some bacterial forms. 
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Effect of Estrogenic Substances in Lebistes reticulatus (Guppy). 


Puitip BerKowirz. (Introduced by Harry A. Charipper. ) 


From the Department of Biology, Washington Square College, New York 
University. 


The adult male Lebistes reticulatus possesses, as its secondary sex 
characters, a gonopod (intromittent organ which is the anal fin in the 
female, and in young fish of both sexes ) and various color patterns. 
The aduit female possesses no such gonopod or colorations, but is 
much larger than the male. The average length of the male (from 
tip of snout to base of caudal fin) is approximately 18 mm.; that for 
the adult female is about 30 mm. (Goodrich, et al.,: confirmed by 
present observations). These differentiating secondary sex char- 
acters are not present at birth, at which time both male and female 
are identical in appearance. At about 35 days after birth there is a 
divergence in size of the 2 sexes, from which time the females nor- 
mally become larger than the males. The gonopod of the male makes 


1 Goodrich, H. B., Dee, J. E., Flynn, C. M., and Mercer, R. N., Biol. Bull., 1934, 
67, 83. 
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its first appearance at approximately 40 days, and the colorations 
from 50-60 days after birth. 

In view of the scarcity of information concerning hormonic 
influences on these and related processes in the fish, an attempt has 
been begun, under the direction of Dr. Robert Gaunt,* to analyze 
such influences in the guppy. The first phase of this study, con- 
cerned with the effect of estrogenic substances, is here reported. 

Sixty fish have been treated with Progynon tablets.— These tab- 
lets contained 45 R. U. of estrogenic substance, active by mouth in 
mammals, the exact chemical nature of which was not known. When 
crumbled into the aquaria (one tablet per 2-gallon tank, 3 times a 
week ) the fish ate the tablets freely. The fish were fed on this hor- 
mone trom birth for periods of one to 5 months. No male secondary 
sex characters appeared during the period of treatment although the 
fish had reached the size and age at which sexual differentiation 
should have been completed. The size and shape of these fish ap- 
proached that of the female sex; the coloring and condition of the 
anal fin were entirely those of the female. 

Fourteen fish were treated for 2 months and then placed in tanks 
with fresh water. Eight assumed male secondary sex characters 
40 days after discontinuance of the hormone, i. e., a period closely 
corresponding to the time necessary for normal males to attain 
sexual differentiation from birth. The absence of male secondary 
sex characters during treatment is not due to slow growth resulting 
from unfavorable conditions of treatment, for all treated males 
outgrew their controls and went well above the normal size for 
males. The average length of treated males was 26 mm. as com- 
pared to 18 mm. for controls. When hormone was discontinued 
treated males reverted to normal as regards the gonopod and the 
color conditions, but they did not revert to normal male size. 

Of 5 fish treated for 4-5 months, all showed external sex charac- 
ters of the female type. Four were killed; 3 possessed ovaries, and 
2 also had young. The fourth had a gonad definitely not normal 
for either sex. 

Examination of this gonad and the testes of other males treated 
for shorter periods showed a distinct effect of hormone treatment. 
There was a considerable suppression of spermatogenesis, and a 
relative increase in the number of young germ cells. In the latter 


* The author is grateful for the advice and suggestions of Drs. H. A. Charipper 
and M. H. Harnly. 

+ The author is indebted to Dr. Gregory Stragnell of the Schering Corp., for 
supplying the Progynon tablets; to Mr. C. M. Breder of the New York Aquarium, 
and to Mr. H. E. Potts for animals and advice as to their proper care. 
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regard, an immature condition was suggested. Sperm ducts were 
apparently stimulated to increased growth by the hormone. The 
spermatogenic suppression might have been due either to a direct 
effect of estrogens on the male gonad or to an inhibition of hypo- 
physeal activity. The factors involved are being studied further. 

The secondary sex characters of adult males could not be modi- 
fied by estrogenic hormone treatment beginning at maturity and 
continued for periods up to 4 months. 


Conclusions, Estrogenic hormone feeding, started at birth, 
caused the suppression of male secondary sex characters and a 
marked suppression of spermatogenesis in the male guppy. 
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Release of Spermatozoa by Anterior Pituitary Treatment of the 
Male Frog, Rana pipiens. 


Rogperts RuGH. 


From the Zoology Department, Columbia University. 


Houssay and Lascano-Gonzalez,’ using Bufo marinus males, 
demonstrated that hypophyseal removal causes degeneration and 
hypophyseal implantation causes hypertrophy of the testes. O. M. 
Wolfe’ implanted pituitary glands subcutaneously to induce am- 
plexus in Rana pipiens and Rugh® showed that extracts of mamma- 
lian anterior pituitary (antuitrin-S or whole sheep gland) would 
induce amplexus in toads but not in frogs. 

The standard technique for securing developing frog’s eggs* does 
not require pituitary treatment of males. Functional sperm are 
available at all times during hibernation simply by cutting up the 
testes of mature, hibernating frogs in spring water. However, an- 
terior pituitary injection of hibernating male frogs not only induces 
amplexus (with ovulating females of the same species, only) but 
releases from the Sertoli cells all mature spermatozoa. This can be 
demonstrated by subjecting hibernating males from which single 
testes have been removed to anterior pituitary treatment. Amplexus 


1 Houssay, B. A., and Lascano-Gonzalez, J. M., Compt. rend. Soe. biol., 1929, 
101, 938. 

2 Wolfe, O. M., Proc. Soc. Exp. Bron. AND MEp., 1929, 26, 692. 

3 Rugh, R., Biol. Bull., 1935, 68, 74. 

4Rugh, R., Biol. Bull., 1934, 66, 22. 
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will be achieved in about 16 hours and the remaining testis may 
then be removed and studied. In the control testis (Fig. 1) the 
mature sperm may be seen clustered in groups around their Sertoli 
cells while the testis from the same frog after sexual stimulation by 
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Seminiferous tubule from the right testis of an hibernating frog. 
Fie. 2. 


Seminiferous tubule from the left testis of the same frog (Fig. 1) 16 hours 
after the frog was injected with anterior pituitary hormone. 
Fie. 3. 
Section of kidney of frog 16 hours after anterior pituitary injection showing 
tubules filled with spermatozoa. 
Fie. 4. 
Highly magnified section of kidney showing Bowman’s capsule and connecting 
uriniferous tubule, both containing spermatozoa. 
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anterior pituitary injection shows all of the mature sperm liberated 
into the lumen of the seminiferous tubule (Fig. 2). This effect can 
be achieved only by anterior pituitary treatment, the controls having 
received other frog organs and having been subjected to tempera- 
ture changes from 4°C. to 28°C. The reaction is comparable to the 
follicle changes induced in females by anterior pituitary treatment’ 
except that in the female the egg is released into the body cavity. 

In sections of the kidney adjacent to the stimulated testis, sperma- 
tozoa may be seen in the uriniferous tubules, Bowman’s capsule, 
and ureter (Figs. 3 and 4). The exact path of these spermatozoa, 
through the kidney, is being worked out for Rana pipiens, Rana 
catesbiana, Bufo fowleri, and Hyla crucifer. 

Studies are at present being made to determine the source of the 
male gonad hormone, and the seasonal differences in maturation 
exhibited by Rana pipiens and Rana catesbiana, In the one there 
is a single breeding period, with a single expulsion of spermatozoa. 
In the other there seems to be an extended breeding period, at a 
different time of the year, with staggered maturation of spermatozoa. 
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Water Intake and the Blood Sugar Level. 


M. Carotine Hruserz. (Introduced by H. B. Williams. ) 


From the Department of Physiology, College of Physicians and Surgeons, Colum- 
bia University, New York City. 


In our studies which have involved blood sugar determinations on 
tats, considerable effort has been expended to secure uniformity 
both in the animal material and in the routine care of the colony. 
But in spite of all this care to secure uniformity we have found at 
times that the normal blood sugar level showed considerable varia- 
tion.* Recently, upon our return from the summer vacation, the 
routine normal control series of sugar determinations was made. 
At the same time, determinations were made upon a group of rats 
used in the study of prolonged high carbohydrate feeding.” These 
animals represented the 4th, 5th and 6th generations which had 
been kept continuously on the high carbohydrate diet. It was noticed 
that the sugar levels in both groups were not only high but far above 

5 Rugh, R., J. Hap. Zool., 1935, 71, 163. 

1 Hrubetz, M. C., J. Biol. Chem., 1934, 107, 731. 

2 Hrubetz, M. C., J. Lab. Clin. Med., 1936, 21, 1142. 
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any mean value thus far obtained. Two and a half months pre- 
viously the water supply had been changed from the open jar to the 
tubulated-bottle system. It had been observed that some of the 
water bottles did not deliver properly. The question arose, there- 
fore, as to whether a possible water deficiency due to difficult access 
to the water by the tubulated-bottle method was associated with the 
high sugar level. The purpose of the observations to be reported 
was to determine the influence, if any, of the water consumption by 
the open jar and the tubulated bottle upon the blood sugar level. 

After the initial observations were made, the entire colony was 
supplied with open water jars and the blood sugar levels were de- 
termined one week later and at subsequent intervals for 8 weeks. 
Approximately 50 observations were made on each point on the 
curve for the normal controls. There were 30 animals in the high 
carbohydrate group. The determinations were made by the Somog- 
yi Micro Method? with the use of reagent No. 1. The chart shows 
a prompt drop in the normal animals to a level very near the mean 
for the colony. The individual values fluctuated rather widely the 
second week and then remained constant throughout the remainder 
of the 8 weeks period. The high carbohydrate rats maintained a 
high blood sugar for 3 weeks; not until the 4th week did they 
return to a normal level. After the return, however, the level re- 
mained constant for the remainder of the period. 
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Fig. 1. 


Naturally, we were somewhat surprised to find this increase asso- 
ciated with water intake and at present are quite unable to suggest its 
mechanism. It may possibly be associated with the general con- 
centration of the blood though no measurements were made to de- 
termine this. Another point worthy of note and for which we have 
at present no information was the delayed return to the normal by 


3 Peters and Van Slyke, Quantitative Clinical Chemistry, Williams and Wilkins 
Co., Baltimore, 1935, Vol. II, p. 466. 
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the animals on the high carbohydrate diet. Apparently, diet is a 
factor influencing the ability of the organism in maintaining a more 
or less constant concentration of the blood as well as of some of its 
specific constituents. In spite of our inability at present to suggest 
the mechanism involved in the reactions reported, the practical bear- 
ing on standardization of experimental material is of sufficient im- 
portance to justify prompt publication. 
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Determination of Sulfanilamide in Blood and Urine. 


E. K. MARSHALL, Jr. (With the technical assistance of Dorothea 
Babbitt. ) 


From the Department of Pharmacology and Experimental Therapeutics, The 
Johns Hopkins University. 


Recently a method was described for the estimation of sulfanila- 
mide (para-aminobenzenesulfonamide) in blood and urine.t In the 
rabbit and human subject this drug is partly excreted in the form of 
an acetylated derivative.” In developing a method for determining 
this conjugated derivative in blood, we have been able to improve 
the original procedure. 

The present modification possesses the advantages of being more 
sensitive, of giving a more stable color, and of requiring fewer 
manipulations. Sulfanilamide can be determined very accurately 
by this method, and in addition one can obtain a fairly good esti- 
mate of the conjugated form present in blood. The present method 
consists of preparing a blood filtrate with toluenesulfonic acid, 
utilizing the acidity of the precipitant to perform diazotization and 
coupling with the amine. In determining the conjugated sulfanila- 
mide in blood, the acidity of the blood filtrate is sufficient for hy- 
drolysis on heating. 

One volume of oxalated blood is measured into a flask, diluted 
and laked with 7 volumes of 0.05% saponin solution.* After laking 
is complete (1 or 2 minutes) 2 volumes of para-toluenesulfonic acid 


1 Marshall, E. K., Jr., Emerson, Kendall, Jr., and Cutting, W. CRs A. M. Ales 
1937, 108, 953. 


2 Marshall, E. K., Jr., Cutting, W. C., and Emerson, Kendall, Jr., Science, 1937, 
85, 202. 


* Laking can be accomplished by diluting with water instead of saponin solu- 
tion at least 15 minutes before adding the protein precipitant. 
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solution (20 gm. dissolved in water and diluted to 100 cc.) are 
added with shaking. After 5 minutes’ standing, the mixture is fil- 
tered, and 10 cc. of the clear filtrate (a smaller amount can be used 
with proportionate reduction of the nitrite and dimethyl-a-naphthyla- 
mine reagents) is measured into a small flask and 1 cc. of 0.1% 
freshly preparedy sodium nitrite solution is added. After 3 minutes’ 
standing, 5 cc. of a solution of dimethyl-a-naphthylamine (1 cc. in 
250 cc. of 95% ethyl alcohol) is added from a burette. Ten cc. of 
a standard solution of sulfanilamide containing toluenesulfonic 
acid. (18 cc. of the 20% solution per 100 cc.) is measured into a 
flask and treated like the blood filtrate. A 1 mg. % standard is sat- 
isfactory for bloods containing from 5 to 20 mg. % of sulfanila- 
mide. The solutions can be compared in a colorimeter at any time 
from 10 to 60 minutes after the naphthylamine has been added, so 
that several blood filtrates can be read against one standard. 

To determine the conjugated sulfanilamide (probably para- 
acetylbenzenesulfonamide) in blood, 10 cc. of the toluenesulfonic 
acid blood filtrate is placed in a tube graduated at 10 cc. and heated 
in a boiling water bath for 90 minutes. The solution is then cooled 
and diluted to 10 cc. to replace water loss by evaporation. The 
procedure is now exactly the same as that used in determining free 
sulfanilamide. The difference between the values obtained after and 
before hydrolysis gives the amount of conjugated compound (calcu- 
lated as sulfanilamide). 

If a determination of the sulfanilamide only is desired and tol- 
uenesulfonic acid is not available one can use trichloracetic acid to 
precipitate the blood proteins. One volume of blood is measured 
into a flask, diluted and laked with 8 volumes of 0.05% saponin 
solution, and precipitated by adding one volume of 20% trichlor- 
acetic acid. The filtrate is treated exactly like that obtained with 
toluenesulfonic acid, and the standard contains 8 cc. of 20% tri- 
chloracetic acid per 100 cc. 

For the estimation of the sulfanilamide content of the blood of 
patients receiving the drug, plasma or serum can be used instead of 
whole blood as there is no essential difference in the values obtained. 


+ We prepare the nitrite solution fresh each day. It is advisable to use a 
very pure sodium nitrite. We have found that Kahlbaum’s sodium nitrite ob- 
tained from Akatos in New York is satisfactory. We have purchased the 
dimethyl-o-naphthylamine (No. 1060) and the para-toluenesulfonic acid (No. 984) 
from the Eastman Kodak Company, Rochester, New York. As stated before it is 
essential to use all glass cups in the colorimetric comparison as the ordinary cup 
with a detachable glass bottom in a metal frame may give inconsistent and er- 


roneous results. 
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Urine is diluted so that it contains about one mg. % of sulfanil- 
amide. Ten cc. of this diluted urine is measured into a flask, one 
cc. of 20% toluenesulfonic acid added, and then one cc. of 0.176 
sodium nitrite. After 3 minutes, 5 cc. of dimethyl-a-naphthylamine 
solution (1 cc. in 250 cc. of 95% ethyl alcohol) are added. A 
standard solution of sulfanilamide is treated in the same way. After 
5 to 10 minutes, the solutions can be compared in the colorimeter. 
To determine the acetyl-derivative in urine, one cc. of urine is mixed 
with 2 cc. of N hydrochloric acid, heated in a boiling water bath for 
30 minutes, neutralized with 2 N sodium hydroxide, and diluted to 
appropriate volume. The determination of total sulfanilamide is 
then made as described above. 
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Neoplasms in Albino Rats Resulting from the Feeding of Crude 
Wheat Germ Oil Made by Ether-Extraction. 


L. G. RownTREE, JoHN LANSBURY AND ARTHUR STEINBERG. 


From the Philadelphia Institute for Medical Research* in the Philadelphia 
General Hospital. 


The effectiveness of thymus and pineal extract in controlling the 
rate of growth and development in the young when administered 
through successive generations of rats led us to attempt the same 
procedure with the various vitamins. In administering vitamin E 
we have employed an ether-extracted crude wheat germ oil pre- 
pared by the extraction of fresh wheat germ with ether. All ani- 
mals fed this preparation of wheat germ oil eventually developed 
tumors. 

The rats used were placed on the stock diet of the Institute, con- 
taining the following ingredients: rolled oats 15 parts, cracked corn 
60, dried meat scraps 14, powdered milk 10, sodium chloride 1. LO 
each 100 gm. was added 1.25 cc. of cod liver oil. Additional nutri- 
ment consisted of green vegetables once a week. 

From July 3, 1934, four animals were fed one cc. daily of wheat 
germ oil, the oil being mixed with the food. On October 29, 1934, 


“From the Samuel Bell, Jr., Laboratory. 

t This oil was especially prepared for us and kindly donated by E. R. Squibb 
& Sons. It is not their refined wheat germ oil (Zygon) designed for human use. 
We wish to express our appreciation to Dr. John F. Anderson for his cooperation 
in preparing this special oil, and in other ways. 
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116 days having elapsed, nodules were palpable in the abdomen of 
2 of these rats. The rats were killed on November 12, 1934, and 
pieces of the resultant solid tumors present in the abdomen were 
transplanted to 2 other rats of the same strain. The grafts grew in 
both animals. The other 2 animals which were fed with the oil de- 
veloped tumors 2 months later. These growths have been trans- 
planted through 6 generations. 

To check this result 10 albino rats (Wistar strain) were fed about 
one cc. per rat per day of crude wheat germ oil, beginning November 
29, 1934. The only change was the addition to the food of wheat 
germ oil. Within the next 200 days tumors were palpable in the 
abdominal cavity of the 10 rats. In one case the tumor weighed 
44 gm. In another animal 3 tumors were present, 2 arising appar- 
ently from the distal ends of the uterine horns and one from the 
mesentery. A certain amount of necrosis was not infrequent. These 
tumors were readily transplantable in the Wistar strain stock ani- 
mals. 

The malignant nature of these tumors is demonstrated by the 
fatal outcome, the morphology of the tumor cells and the inocula- 
bility through 6 generations. The implants grow with great rapid- 
ity, attaining a large size and result in the death of the animals. In 
many instances after the tumor had attained the size of 3x3 cm., it 
underwent necrosis and ulceration. 

Microscopically both the primary and transplanted tumors are 
composed chiefly of spindle cells. In some areas the cells are small, 
compact and closely packed, with narrow elongated nuclei; in others 
the individual cells are larger and separated by fibrous tissue with 
large hyperchromatic nuclei, frequently showing mitoses. The cel- 
lular areas of the tumors and the evidence of rapid proliferation 
suggest a sarcomatous nature. 

Negative results have been obtained to date from the feeding of 
refined ether-extracted wheat germ oil (Squibb), gasoline-extracted 
wheat germ oil (Squibb), benzine-extracted wheat germ oil (Squibb), 
Triticol (an expressed oil, kindly supplied by the Pharmaceutical 
Specialties Company), certified compressed wheat germ oil and 
vitamin E concentrate (furnished by General Mills and adminis- 
tered during the last 5 to 7 weeks). Linseed oil, sesame oil, cod 
liver oil, oleic acid and caritol have also yielded negative results. 


Conclusions. Fourteen rats fed with unrefined wheat germ oil 
which contained the sediment deposited therefrom developed abdom- 
inal tumors. The neoplasm following the ingestion of oil is malig- 
nant in nature and microscopically a sarcoma. It is readily trans- 
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plantable and retains its malignancy through 6 successive implanta- 
tions.t 
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Production of Sarcoma in Albino Rats as a Result of Feeding 


Crude Wheat Germ Oil. 


G. M. DorraNce* AND E. F. Ciccone.* (Introduced by L. G. 
Rowntree. ) 
From the Philadelphia Institute for Medical Research. 


Subsequent to the work of Rowntree, Lansbury, Steinberg and 
Anderson,’ ¢ in which 14 tumors had been observed in 14 rats fed 
with a crude preparation of ether-extracted wheat germ oil, the 
Oncologic Hospital group was asked to elaborate this work and to 
determine and establish the nature of the tumor. 

It was found that by increasing the amount of oil fed, the tumor 
could be produced as early as 60 days. Thus in 34 albino rats of the 
Wistar and Buffalo strains fed crude wheat germ oil, 100% de- 
veloped intraabdominal tumors. These tumors have been found in 
the omentum, in the mesentery, in both small and large intestines, in 
the area of the uterus and subperitoneally. Many animals have 
developed multiple tumors in the abdominal cavity. The point of 
origin thus far has been consistent only in its having been found in 
the peritoneal cavity. The size of the tumors depends, to some 
extent, on the duration of the time before the rat is sacrificed. The 
tumors have been as large as 3x3 cm. There has been no lymphatic 
extension or metastasis to nodes. The only instance in which an- 
other organ has been involved was in one case with direct extension 
to the liver. If not sacrificed, the tumor becomes large enough to 
cause death often by intestinal obstruction. 

In the Wistar strain, 22 tumors have been successfully trans- 
planted to date. No attempt has been made to transplant the others 
of this group of tumors, as the animals were found dead in the 


¢ We wish to express our appreciation to Drs. J. H. Clark, Joseph McFarland, 
and Francis Carter Wood, all of whom agree that this tumor is sarcomatous in 
nature. 

*The American Oncologic Hospital. 

1 Rowntree, Lansbury, Steinberg and Anderson, Proc. Soc. Exp. Bion. AND 
Mep., 1937, 36, 424. 

t Neoplasms resulting from the feeding of ether-extracted, crude wheat germ 
oil. 
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cage. Of the 260 rats receiving implants in this group, 100% 
resulted in successful takes and many of these tumors have been 
retransplanted through 15 successive recipients. If the implants 
were made intraperitoneally instead of subcutaneously, they grew 
more readily and did not ulcerate. 

Histologically and clinically the tumors have all the character- 
istics of spindle cell sarcoma. 

Summary. Sarcomas were produced in all 34 rats by feeding 
crude wheat germ oil. Tumors were produced in both the Philadel- 
phia Institute for Medical Research and in the American Oncologic 
Hospital. With increasing amounts of oil the time required for the 
development of tumors was decreased. These tumors have been 
successfully transplanted both subcutaneously and intraperitoneally 
in 260 rats through 15 successive generations. These tumors are 
all spindle cell sarcomas. 
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ERRATA 


Article in the March, 1937, number, by C. R. Schmidt and A. C. 
Ivy, page 91, table 2, should read 
Common Duct Diameter 
"Body Weight 


Effect of Freezing on Transmitting Agent of Neoplasms, by C. 
Breedis, W. A. Barnes and J. Furth, the abscissa, page 223, should 
read seconds, not minutes. 


Article 9192, page 259, should read, “Studies in the Physiology of 
Blood,” ete. 
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